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EDITORIAL I 


JOURNAL OF THE COLLEGE OF ANAESTHETISTS 


This issue of the Journal marks the development 
of a formal link between the College of Anaes- 
thetists and British Journal of Anaesthesia. 

The College developed from the Faculty of 
Anaesthetists, which was formed in 1948 as a 
body within the Royal College of Surgeons of 
England. Initially, postgraduate examinations 
were modelled along the lines of those conducted 
for surgical training and there was relatively little 
change in this modus vivendi until late 1970. With 
the progressive development of anaesthesia and 
its increasing academic standards, and with the 
formation of other separate colleges, including 
those of pathologists, radiologists and general 
‘practitioners, it seemed part of a natural evolution 
of the specialty to form its own college. After 
several years of negotiations, on October 19, 1988, 
the Faculty of Anaesthetists ceased to exist and 
was replaced by the College of Anaesthetists 
within the Royal College of Surgeons of England. 
At the same time, the diploma granted by the 
Faculty, notably the F.F.A.R.C.s., was replaced by 
the F.C.ANAES. diploma, which is awarded after 
successful completion of a three-part examination 
and 4 years approved postgraduate training. 

Shortly after the founding of the Faculty of. 
Anaesthetists, a link was proposed between the 
Journal and the Faculty, but this was prevented 
by the constraints of the charter of the Royal 
College of Surgeons. It has only been since the 
evolution of the Faculty into the College that it 
has been possible on constitutional grounds to 
raise this issue again. It is the view of the Board of 
the Journal that this link with the College 
represents part of the natural evolution of an- 
aesthesia within the U.K. and will bring benefit to 
all our readers. 

British Fournal of Anaesthesia is the oldest and 
largest independent journal of anaesthesia in the 
world. It was founded in 1923, one year after 
Anesthesia and Analgesia Current Researches was 
first published by the International Anesthesia 


Research Society. The Journal is governed by an 
Editorial Board which elects its members ac- 
cording to a constitution formulated in accordance 
with the laws governing charitable institutions 
within the United Kingdom. Through the me- 
dium of three elected trustees, the Board effec- 
tively owns the Journal and the constitution is 
such that the major, indeed only, role of the 
Journal is to provide a medium for dissemination 
of scientific and educational communications in 
anaesthetic and related fields. 

What is the nature of this association between 
the Journal and the College? It is planned that 
ownership of the Journal will be made over to the 
College which, meanwhile, becomes responsible 
for ratifying the appointment of members of the 
Board. The Board will continue to function as 
before, but is answerable to the Council of the 
College. The President and the Vice-President of 
the College will be Ex-officio members of the 
Board. The Board will act independently to elect 
the Editors and Assistant Editors and regulate the 
normal business activity of the Journal. In 
particular, the editorial independence of the Board 
ig totally preserved in the new arrangement. 

Fellows of the College of Anaesthetists will 
receive this Journal as a privilege of the Fellow- 
ship. Thus this major change in the Journal’s 
affairs should have no impact on either the annual 
retention fees of the Fellows of the College or the 
subscription rates of non-Fellows. College news 
and other information which is of importance only 
to Fellows of the College will appear as a separate 
newsletter carried occasionally with the mailing 
envelope of the Journal, but distributed only to 
the College Fellows. 

What is the value of the present arrangements 
to subscribers who are not Fellows of the College? 
The nature of the Journal will remain unchanged, 
but there will be a substantial increase in the 
circulation of the Journal in the U.K., Europe and 
North America. From 1990, British Fournal of 
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Anaesthesia will enjoy a higher circulation within 
the United Kingdom and Europe than any other 
anaesthetic Journal. 

We expect that these developments will be 
welcomed by all anaesthetists, both non-Fellows 
and Fellows of the College. The character and 
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format of the Journal will remain unchanged and 
we shall continue to enjoy total editorial freedom. 
We anticipate that, with our increased circulation, 
the Journal will become even more attractive for 
potential authors. 

G. Smith 


EDITORIAL 


EDITORIAL II 


QUEST FOR THE IDEAL INHALATION ANAESTHETIC AGENT 


This issue of British Journal of Anaesthesia carries 
an account of the first administration to humans of 
a new volatile halogenated anaesthetic agent, I- 
653 or desflurane [1]. This agent has undergone a 
relatively brief gestation between the laboratory 
and the clinical environment, in comparison with 
diethyl ether, which was first used clinically after 
an incubation period of some 300 years. The 
halogenated agents are comparatively young in 
anaesthetic terms and their structural analogues 
are still being explored in the search for the 
elusive ideal inhalation anaesthetic agent [2]. 

Theoretically, it is easy to define many proper- 
ties required of an ideal agent. The compound 
should be prepared readily and inexpensively in 
pure form; it should be stable (preferably without 
preservatives) with a long shelf-life to permit 
storage and use in a range of climatic conditions; 
it must be non-flammable and non-explosive in 
concentrations used clinically; it should be potent 
to allow high concentrations of oxygen to be used 
concurrently and possess a low blood/gas par- 
tition coefficient to produce rapid induction and 
emergence and flexibility in adjusting the depth of 
anaesthesia; it should be pleasant to inhale, 
permitting a smooth gaseous induction and devoid 
of important pharmacological effects on the car- 
diovascular and respiratory systems; it should 
cause readily controlled depression of specific 
areas of the central nervous system, producing 
analgesia but not stimulant activity; the com- 
pound should resist biotransformation and be 
devoid of organ-specific toxicity, even when 
chronic low dose exposure occurs, as in operating 
theatre staff [3]. 

Halothane, enfiurane and isoflurane meet sev- 
eral of these criteria, but all have serious imper- 
fections. Halothane is decomposed by light and 
must be stored in amber coloured bottles with 
0.01% thymol as stabilizer. The high initial 
manufacturing cost of isoflurane was a barrier to 
early commercial success. Enflurane and iso- 
flurane are not pleasant to inhale but halothane, 
although more acceptable in this respect, is the 
least flexible in altering depth of anaesthesia as it 


possesses the highest blood/gas solubility coeffici- 
ent. All three agents depress the respiratory 
responses to hypoxia and hypercapnia in a dose- 
dependent manner. All cause hypotension, halo- 
thane mainly as a result of direct depression of 
cardiac output, and isoflurane mainly by pro- 
duction of peripheral vasodilatation, with en- 
flurane occupying an intermediate position. Iso- 
flurane is a potent coronary vasodilator and has 
been implicated in causing coronary “‘steal’’, 
although this is important probably only in high 
inspired concentrations. Whilst halothane tends 
to cause a reduction in heart rate and reduces 
coronary blood flow in proportion to a reduction 
in myocardial oxygen consumption, both en- 
flurane and, to a lesser extent, isoflurane cause 
tachycardia as a result of baroreceptor reflex 
activity. All three agents impair pulmonary 
hypoxic vasoconstriction, but have little effect on 
pulmonary vascular resistance, although iso- 
flurane has been used for the treatment of primary 
pulmonary hypertension [4]. The administration 
of halothane in the presence of high circulating 
concentrations of catecholamines readily causes 
arrhythmias; this occurs to a lesser extent with 
enflurane and even less so with isoflurane, but this 
arrhythmogenic effect of all three agents is not 
dependent upon the dose of anaesthetic. 

Halothane and enflurane impair cerebral blood 
flow autoregulation ; isoflurane has the least effect 
on cerebral blood flow, but in high doses it does 
cause vasodilatation and it preserves the response 
to carbon dioxide better than the other two 
agents. Cerebral oxygen consumption is depressed 
to a greater extent with isoflurane than with 
halothane. Although frank convulsions have oc- 
curred during or following both enflurane and 
isoflurane anaesthesia, isoflurane is probably the 
best of the three volatile agents for use in 
neurosurgery because it reduces cerebral oxygen 
consumption and has a cerebral protective effect 
with little effect on cerebral blood flow and ICP in 
low concentrations. 

All three agents trigger malignant hyperthermia 
in susceptible individuals and in higher doses all 
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relax the uterus and may increase bleeding during 
uterine surgery in pregnancy; in this respect, 
enflurane has the greatest and isoflurane the least 
effect in equipotent doses. 

All three agents undergo biotransformation to 
varying degrees. Metabolism of enflurane causes 
an increase in serum fluoride ion concentration 
which is potentially nephrotoxic, especially if the 
patient is obese or receiving isoniazid [5]; pro- 
duction of fluoride is much less with isoflurane. 
All three agents decrease total hepatic blood flow 
in a dose related manner, but with halothane, 
hepatic oxygen supply is decreased to a larger 
extent for smaller reductions in mean arterial 
pressure [6, 7]. The production of toxic metabo- 
lites by halothane is thought to be responsible for 
the commonly seen sub-clinical increases in liver 
enzyme concentrations and serum bilirubin. More 
serious, although fortunately rare, is the fulminant 
massive hepatic necrosis which possesses a high 
mortality and may follow repeated exposures to 
halothane at short intervals and is thought to be an 
immune reaction. Enflurane may produce a simi- 
lar picture, possibly by cross-reactivity of metabo- 
lites, although isoflurane is probably safe in this 
respect, despite a few reports of jaundice following 
its use, particularly in animals [8-12]. 

The foregoing catalogue of imperfections is 
clearly the stimulus to a quest for improved 
agents. At the present time, there are two agents 
which command interest and attention, notably 
sevoflurane and I-653 or desflurane. 

Sevoflurane is a halogenated methyl isopropyl 
ether which was synthesized first in the early 
1970s. Currently, it enjoys favour only in Japan, 
where it is marketed for clinical use [13]. It is 
potent, non-explosive and non-flammable in clin- 
ical concentrations, but undergoes slight hydroly- 
sis in water and reacts with soda-lime to form 
traces of related ethers which have not, so far, 
been shown to cause toxic effects in animals 
exposed chronically in a closed system. From 
reports of studies in animals, adult volunteers and 
Japanese children [14] it is clear that induction of 
anaesthesia by sevoflurane is rapid and smooth, as 
predicted by a blood/gas partition coefficient of 
about 0.6 [15] and acceptable odour which allows 
the use of overpressure concentrations of up to 
10%. Its MAC value has been reported to vary 
between 1.7 and 2.3% [16, 17]. 

In common with the other volatile agents, 
sevoflurane causes dose-related cardiovascular 
and respiratory depression [18, 19]. Depression of 
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cardiac output is less marked than that produced 
by halothane, but more than that caused by 
isoflurane. The drug has no effect on regional 
distribution of coronary blood fiow, but it has 
been reported to enhance metabolic recovery of 
the myocardium following ischaemia [20]. In 
common with the other agents, it potentiates the 
effects of calcium channel blocking agents [21] 
and sensitizes the heart to circulating catechol- 
amine concentrations to an extent intermediate 
between that of enflurane and isoflurane [22]. The 
effect of sevoflurane on the cerebral circulation is 
similar to that of isoflurane [23]. 

Following recovery from sevoflurane anaes- 
thesia, it has been noted that there might be some 
excitement to stimulation. In addition, it has been 
noted that some children may have muscle rigidity 
during induction. 

The extent of metabolism of the drug is similar 
to that of enflurane, but its low solubility and 
rapid elimination confine this to the period of 
exposure [24]. Toxic effects on the kidneys, liver 
and haemopoietic system have not been demon- 
strated [25]. It is interesting that, in comparison 
with all the other volatile anaesthetic agents, 
sevoflurane has been shown to cause increased 
blood flow to the liver of the pig [26]. It is notable 
that, with the exception of Japan, there has been 
little attempt to promote the widespread clinical 
use of sevoflurane, suggesting that any advantages 
it may possess over isoflurane are either minimal 
or counterbalanced by its disadvantageous proper- 
ties. 

I-653 (desflurane) is a fluorinated methyl] ether 
structurally very similar to isoflurane. It is non- 
flammable and non-explosive in clinical concen- 
trations and is more stable in the presence of soda- 
lime than any of the presently used volatile 
anaesthetic agents [27, 28]. This is fortunate, as 
its high cost necessitates the use of a closed 
system. Because its boiling point is close to 23 °C, 
the anaesthetic must be delivered either by 
injection of liquid anaesthetic or the use of a 
special vaporizer within a closed circle system. 

Desfiurane is less potent than either isoflurane 
or I-537, another new compound of similar 
structure currently being evaluated in animals. It 
has been postulated that the lower potency of 
desflurane might be the result of its lower 
molecular mass [2]. The MAC value has been 
estimated at 5.7%, for rats [29, 30], 7.2% for 
beagle dogs, 8.9 % for New Zealand White rabbits 
and 8.2-10% for swine [31], depending on the 
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stimulus. From these studies, the MAC value for 
humans has been estimated at 4%, 5.1% and 
3.6%, respectively. In the first human study 
described in this issue, volunteers were given 
inspired concentrations of 5.4% [1]. 

In studies of laboratory rats, desflurane did not 
cause hepatic, pulmonary or renal injury in the 
presence of hypoxia and enzyme induction [9]. In 
rats pretreated with phenobarbitone, serum 
fluoride ion concentrations and excretion of 
fluoride ion were virtually the same as controls, 
there being only a tenfold increase in rats with 
enzyme induction produced by ethanol [32]. 
These studies suggest that the compound under- 
goes minimal biotransformation, although the 
presence of volatile metabolites or covalently 
tissue~bound products could not be excluded. 

The first studies in human volunteers [1] have 
confirmed the physical properties regarding in- 
duction of anaesthesia. The drug possesses a low 
blood/gas partition coefficient of about 0.4, and a 
pleasant odour and non-irritability to the res- 
piratory tract; it produces smooth, rapid, gaseous 
induction of anaesthesia with no respiratory side 
effects other than respiratory depression in the 
absence of surgical stimulation. Recovery from 
anaesthesia is faster than that of all other volatile 
anaesthetic agents, regardless of the duration of 
anaesthesia or the inspired concentration of 
anaesthetic used. 

In animals, it has been shown that the car- 
diovascular effects of desflurane mimic those of 
isoflurane; in pigs, the drug caused peripheral 
vasodilatation, systemic hypotension, tachycardia 
and myocardial depression. The effect of the drug 
on the coronary circulation has not yet been 
evaluated [33]. In common with isoflurane, 1-653 
has only a small effect on the arrhythmogenic 
threshold to catecholamines [34]. In the first 
human study, the effects of desflurane on the 
cadiovascular system were unremarkable; with 
the exception of sinus tachycardia during in- 
duction of anaesthesia, caused possibly by excite- 
ment, heart rate remained virtually unchanged [1]. 

The therapeutic ratio of desflurane is only 
slightly lower than that of isoflurane and other 
volatile anaesthetic agents and, in the spontan- 
eously breathing subject, apnoea should preceed 
the development of cardiovascular collapse. The 
central nervous system effects of desflurane are 
similar to those of isoflurane in the pig, with EEG 
changes of decreasing amplitude and frequency 
and increasing suppression [35]. 
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At present, desflurane represents an interesting 
development in the quest for the ideal inhalation 
anaesthetic agent. Its great advantages of very 
rapid induction and emergence and sensitive 
control of anaesthetic depth surpass those of all 
the other volatile anaesthetic agents. However, its 
high volatility and expense render closed circuit 
anaesthesia and specialized vaporization systems 
essential, presenting practical difficulties in its 
use. At this stage, it would be premature to 
speculate on the cost:benefit ratio of the drug 
compared with isoflurane or enflurane, but further 
evaluation is clearly warranted. 

The development of a new volatile anaesthetic 
agent presents a formidable challenge. The stages 
of synthesis, testing in vitro, toxicity studies in 
animals, evaluation in human volunteers and 
limited clinical trials are processes which are 
approaching the stage of being virtually pro- 
hibitive on the grounds of expense, especially as 
this sequence may be interrupted indefinitely at 
any stage (36, 37]. Nonetheless, the properties of 
the currently available inhalation anaesthetic 
agents are so far removed from those of the ideal 
compound that further effort in this direction is 
clearly warranted. 

S. Heyke and G. Snuth 
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THE PROMISE OF TRANSDERMAL DRUG DELIVERY 


Rate controlled drug delivery began with an- 
aesthesia. Constant rate delivery (zero-order) 
results in constant blood concentrations which do 
not vary unless the rate of delivery or the clearance 
of the drug changes. This may be termed an 
““isonaemic state” [1], which signifies constant 
concentrations of drug in blood over a period of 
time. This contrasts with conventional dosing 
which results in peaks and troughs of blood 
concentrations. One might expect isonaemic con- 
centrations to result in constant drug effect, but 
this is not always so as a fading pharmacological 
response may occur in the face of constant 
concentrations. 

Rate controlled delivery allows the practitioner 
to rank-order drug actions by the minimum rate 
of administration needed to elicit each action. 
This rank ordering allows one to identify those 
drugs with a selectivity of action which may be 
enhanced. The perfect example is the rank 
ordering of the stages of ether anaesthesia. 
Modern drugs have changed some of the details, 
but not the concept, and the anaesthetist’s 
sensitive control over the depth of anaesthesia 
demonstrates how one can make practical use of 
agents within extremely narrow therapeutic in- 
dices using the steady state approach. Other 
examples of drugs amenable to this approach 
include hyoscine, theophylline, nitroprusside, 
nitroglycerin, dopamine, dobutamine and oest- 
radiol. 

Transdermal drug delivery offers an alternative 
to more conventional therapy as a mechanism to 
achieve and maintain relatively constant drug 
concentrations. Systems have been designed to 
deliver drugs to the surface of the skin at a 
controlled rate which is less than the maximum 
rate of transport through the skin [2]. Thus the 
control of the rate of drug administration remains 
within the delivery system and not with the skin 
or the varying physiological influences such as 
temperature or blood flow. As a general rule, if a 
drug is sufficiently potent that the therapeutic 
dose is less than 10 mg/24 h and the drug does not 
release histamine or irritate the skin, it is a 
candidate for transdermal delivery. 


Transdermal drug delivery was achieved first 
using conventional formulations such as ointments 
and creams. However, the dose was not easy to 
control or reproduce (concentration of drug x area 
of application) and delivery systems were de- 
veloped for better control of the rate and duration 
of drug input. At present, systems are available to 
deliver a drug over a period of 1—7 days for several 
drugs, but hyoscine, nitroglycerin, clonidine and 
fentanyl are of most interest to the anaesthetist. 


Hyoscine 

Hyoscine was the first drug to be made available 
as a transdermal system. It has been used to 
prevent nausea and vomiting associated with 
motion, radiotherapy and anaesthesia or surgery. 
The use of conventional hyoscine preparations is 
limited by drowsiness, confusion and blurred 
vision in addition to a relatively short duration of 
action. The aim of the transdermal system is to 
prolong effects and minimize toxicity. Early 
clinical trials (at sea) demonstrated prevention of 
motion-induced nausea in 75% of susceptible 
subjects who wore a system that delivered 0.5 mg 
of hyoscine over a 3-day period [3, 4]. 

In a placebo controlled, double-blind study of 
38 patients undergoing minor gynaecological 
surgery with general anaesthesia, transdermal 
hyoscine reduced the incidence of postoperative 
vomiting from 68 % to 42 % in the first 24 b after 
surgery [5]. In the second and third 24-h periods, 
there were no differences between the groups. 
Visual disturbances were more common in the 
treated group at 48 h (42 % compared with 0% in 
the placebo group). In the 72-h period of the 
study, all patients receiving placebo and 13 of the 
treated patients (68 %) experienced severe nausea 
or vomiting. It seems likely that some tolerance to 
the antiemetic effects of the hyoscine occurred, as 
this has been reported in laboratory-induced 
motion sickness [6]. 

In a double-blind, placebo controlled com- 
parison of transdermal and i.m. hyoscine, sedation 
was greater with i.m. administration, while the 
incidence of nausea and vomiting was similar in 
both groups [7]. In a placebo controlled study in 
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children, there was no improvement in the 
incidence of nausea and vomiting, but five of the 
24 children experienced agitation or hallucina- 
tions before operation [8]. 

In addition to these adverse effects, as many as 
67 % of patients experience dry mouth [9]. In two 
studies [4, 10] skin irritation occurred in approxi- 
mately 17% of patients. This reaction disap- 
peared rapidly on removal of the system. 

In this issue of British Journal of Anaesthesia, 
another placebo controlled, double-blind study is 
reported of transdermal hyoscine in 283 females 
after gynaecological and general surgery [11]. 
Again, there was no difference between active 
drug and placebo and the incidence of nausea was 
25 % in the recovery room and 50% in the ward. 
Dryness of the mouth and visual disturbances 
were more common in the active group. 


Glyceryl trinitrate (nitroglycerin) 

Nitrates are used widely for the prophylaxis of 
angina and in the treatment of heart failure 
because of their potent dilating properties when 
concentrations are high enough in the walls of 
arteries and veins. There have been some attempts 
to use the drug to prevent silent myocardial 
ischaemia associated with the perioperative 
period. 

Transdermal systems produce blood concen- 
trations which are in the same range as those 
achieved after sublingual dosing. However, recent 
data suggest that tolerance to the effects of nitrates 
develops rapidly with continuous administration 
[12]. Both the haemodynamic effects (measured 
by reduction in arterial pressure) and anti-anginal 
activity are reduced and duration of action of the 
drug is shortened. The demonstration of sustained 
plasma concentrations is not proof of sustained 
effect. 

Fluctuating nitrate concentfations and a 
nitrate-free interval may prevent the development 
of tolerance to the anti-anginal action [13], and N- 
acetyl cysteine i.v. may also antagonize nitrate 
tolerance. 

There have been attempts to quantify a “cu- 
taneous first pass ” effect for nitroglycerin [14]. In 
monkeys, 15-20% of nitroglycerin administered 
transdermally is metabolized during passage of 
the drug through the skin. It is not yet known if 
this occurs in humans. However, nitroglycerin 
may be metabolized significantly by skin surface 
microflora [15], and this may influence steady 
state concentrations. 
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Recent clinical experience with glyceryl tri- 
nitrate has revealed conflicting results. In a 
multicentre trial of 57 patients with exercise- 
induced angina, transdermal nitroglycerin applied 
daily for 1 week reduced the frequency of attacks 
[16]. However, only 56% of subjects had any 
response at any time. In a postmarketing sur- 
veillance study of nitroglycerin 5 mg day™ in 
2461 patients with angina, the drug was judged to 
be effective in 81% of patients [17]. Thirty 
percent experienced side effects. Reasons for 
withdrawal from treatment included headache 
(5.7%), other side effects (3.6%) and failure of 
therapy (3.1%). 

In a multicentre, randomized controlled trial in 
427 men aged 30-75 yr with a minimum of 3 
months history of chronic stable angina inade- 
quately controlled with B-blockers alone, con- 
tinuous use of nitroglycerin 5 mg day~! showed no 
advantage over placebo in terms of efficacy 
(anginal attacks and sublingual nitroglycerin con- 
sumption) or quality of life (measured by a health 
index of disability) [18]. Headache was more 
frequent on the active drug and 11 patients 
withdrew because of this, compared with one in 
the placebo group. 

In short, the transdermal nitroglycerin systems 
undoubtedly have an anti-anginal effect for 8- 
12h after application, but sustained therapy 
seems to be ineffective because of tolerance [19]. 
Clonidine 

Clonidine is an a-adrenoreceptor agonist used 
in the treatment of hypertension. The transdermal 
preparation was developed to minimize adverse 
effects, such as dry mouth and drowsiness, 
which are thought to be dependent on the high 
peak plasma concentrations seen after oral dosage, 
and to provide steady state concentrations for a 7- 
day period (the oral dosage form has to be taken 
two or three times daily). 

After application of a transdermal clonidine 
system, steady state concentrations are achieved 
on day 3. After removal of the system, plasma 
concentrations remain constant for 8h and then 
decline over 3 days with a mean half-life of 21 h, 
which is much longer than that seen after oral 
administration. 

Maximum reduction of arterial pressure is 
achieved 2-3 days after initial application and 
maintained for at least 7 days or until the system 
ig removed, then arterial pressure returns to 
pretreatment values over 3-4 days. A sustained 
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reduction in heart rate does not occur during 
therapy and the severe rebound hypertension 
observed after stopping oral clonidine abruptly 
has not occurred after discontinuing transdermal 
clonidine [20]. 

The adverse effects of clonidine are changed by 
giving the drug transdermally. Dry mouth and 
somnolence are less frequent during transdermal 
therapy than with oral therapy, but skin irritation 
is more common [21]. The reaction in the skin 
may be severe enough to necessitate stopping the 
transdermal therapy. The reported incidence 
varies from 5% to 35%. 


Fentanyl 


Fentanyl is available for clinical trial in a 
transdermal system which releases 25, 50 or 
100 ug h™ for 24 h [22]. After application, steady 
state concentrations are achieved at 8 h and, after 
removal of the system, concentrations decrease 
slowly, which probably reflects continuing ab- 
sorption of the drug from a skin depot. 

‘Transdermal fentanyl has been used to prevent 
pain after surgery and in the treatment of chronic 
pain [23]. In a double-blind placebo controlled 
study of 40 patients undergoing upper abdominal 
surgery, transdermal fentanyl 100 pg h~! resulted 
in a significant reduction in morphine require- 
ments compared with placebo, and pain scores 
were significantly better in the active group. Peak 
expiratory flow was significantly greater in the 
active group (41% of preoperative value com- 
pared with 25 % in the placebo group). No patient 
was withdrawn because of respiratory depression. 


CONCLUSION 


Transdermal systems may provide a successful 
route of administration for a few drugs. There has 
been some clinical success, but not without 
problems of tolerance and skin toxicity. Each new 
system must be judged on its own clinical merits 
and studies show that clinical efficacy and safety 
cannot be assumed from early blood concentration 
data alone. 
W. S. Nimmo 
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CLINICAL IMPRESSIONS AND CARDIORESPIRATORY 
EFFECTS OF A NEW FLUORINATED INHALATION 
ANAESTHETIC, DESFLURANE (I-653), IN VOLUNTEERS 


R. M. JONES, J. N. CASHMAN AND T. G. K. MANT 


SUMMARY 


The new volatile anaesthetic, desflurane (1-653), 
was administered to 10 healthy, unpremedicated 
young male volunteers in order to determine its 
cardiorespiratory effects and the characteristics 
and acceptability of its inhalation. All volunteers 
breathed either sub-anaesthetic (1.8% inspired) 
or anaesthetic (5.4% inspired) concentrations of 
the anaesthetic without coughing, breath-hold- 
ing, salivation or other untoward respiratory 
response. Respiratory minute volume and al- 
veolar ventilation decreased and ventilatory rate 
increased. Systemic arterial pressure decreased 
(diastolic more than systolic) and heart rate 
remained unchanged. Cardiac rhythm remained 
unaltered, except in one volunteer who ex- 
perienced a single premature atrial contraction. 
Volunteers stated that the odour of desflurane 
was not irritating or unpleasant. Exposure to the 
agent for approximately 90 min resulted in rapid 
and clear-headed recovery. 


KEY WORDS 
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The new volatile anaesthetic, desflurane (1-653), 
is a fluorinated methyl ethyl ether. Several of its 
physical properties suggest that it might be a 
useful and safe anaesthetic for clinical practice: 
these include an exceptionally low solubility 
(blood/gas partition coefficient 0.42) and physical 
stability which appears to equal or exceed that of 
all volatile agents currently in clinical use [1, 2]. 
In common with halothane, enflurane and iso- 
flurane, it is flammable under experimental con- 
ditions but not those relevant to a clinical 
environment. Studies in animals indicate that the 
compound is non-toxic [3, 4]. 


In the first study in man, we have exposed 
volunteers to desflurane in order to examine some 
of its cardiorespiratory effects and the charscter- 
istics and acceptability of its inhalation. 


METHODS AND MATERIALS 


After institutional Ethics Committee approval 
and written informed consent were obtained, we 
studied 10 young unpremedicated male volunteers 
all of whom were ASA class I and had not smoked 
for 5 or more years and had taken no medication 
for the previous 14 days. Before the study, all 
volunteers abstained from alcohol and caffeine- 
containing drinks for 24h. They were screened 
before test drug exposure for the Australia antigen 
and evidence of illicit drug taking. Routine blood 
chemistry, haematology and urinalysis were per- 
formed and a physical examination performed 
including temperature, arterial pressure and heart 
rate measurements. A 12-lead ECG was recorded. 
It was necessary for all results to be normal before 
accepting a volunteer into the study. An ex- 
perienced anaesthetist also examined the volun- 
teers for evidence of potential airway problems 
and for ability to breathe through the nose without 
obstruction. Volunteers were admitted to Guy’s 
Hospital (London) the day before anaesthesia. All 
screening data and pretreatment tests were 
checked by the principal investigator (R.M.J.) 
before exposure to desflurane was permitted. 
Before administration of the test drug, the 
volunteer rested supine and breathed room air for 
20 min and then underwent 10min denitro- 
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genation breathing 100% oxygen from an an- 
aesthetic breathing system incorporating soda- 
lime for carbon dioxide absorption. Control values 
for arterial pressure (Riva-Rocci), heart rate, 
ECG, oximetry and temperature (toe) were re- 
corded at 5-min intervals whilst the volunteer 
breathed room air and in addition, minute volume 
and end-tidal carbon dioxide concentration were 
noted during denitrogenation. After denitro- 
genation, subjects held their breath following a 
normal exhalation and then breathed in (time 
zero) from a second anaesthetic breathing system, 
identical to the first, which had been primed with 
1.8% (n=5 group I) or 5.4% (n=5 group IT) 
desflurane in oxygen. Inspired and expired con- 
centrations were monitored using a Datex Multi- 
gas anaesthesia monitor modified to measure 
desflurane and calibrated before and after each 
trial exposure with known standard concen- 
trations (gravimetric measurement) of 1.5, 3.0 and 
6.0% of the agent. The anaesthetic was delivered 
by a modified Ohio DM 5000 anaesthesia machine 
with an electrically heated, temperature controlled 
vaporizer. The flowmeters were calibrated in ml 
min`! of vapour output (direct metering vaporiz- 
ation). The vaporizer temperature was maintained 
at 23-25 °C. 

Volunteers breathed via a cuffed clear plastic 
mask; an adaptor with a side port allowed the 
attachment of a catheter which was linked to the 
gas analysers. The inspired gas was delivered to 
the adaptor from a Y-connector and this deadspace 
(approximately 50 mi) protected the end-tidal 
sample from contamination with inspired gas. 

The inspired concentration of desflurane was 
maintained for 30 min (by adjusting vaporizer and 
fresh gas flow), then increased (group I) to 
produce anaesthesia or decreased (group II) to 
sub-anaesthetic values in a step-wise fashion, each 
step being maintained for at least 15 min. All 
control measurements, in addition to inspired and 
expired desflurane concentrations, were recorded 
at 1, 2, 3, 5, 7 and 10 min and thereafter at 5-min 
intervals. The ECG was monitored continuously 
by a dedicated observer and any disturbance of 
rhythm noted and a hard copy recorded. The 
subject’s response to breathing the test drug was 
categorized in terms of the presence or absence of 
breath-holding, cough, laryngospasm, broncho- 
spasm, secretions or other untoward response. 
The response: to the insertion of an oral airway 
was recorded. Time to responding correctly to 
command (“‘squeeze my fingers”) was recorded 
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after discontinuing anaesthetic concentrations of 
desflurane. Side effects after exposure were noted 
and categorized in terms of their likely relation- 
ship to test drug exposure. The subjects were 
questioned specifically for their memory for 
events and asked if the experience had been 
unpleasant and to comment on their impression of 
the odour of the test drug. 


RESULTS 


Data are expressed as mean (sp). All subjects 
entered into the study completed the trial, and the 
average exposure to the test drug was 89 (17) min. 


Respiratory effects 

Exposure to either anaesthetic (5.4 % inspired) 
or sub-anaesthetic (1.8 % inspired) concentrations 
of desflurane for 30 min was tolerated well by all 
subjects and there was no breath-holding, cough- 
ing, salivation, laryngospasm or bronchospasm 
during this period. After the initial 30 min one 
subject (No. 2) coughed twice at an end-expiratory 
concentration of 4.9% and twice again at 4%. On 
the former occasion a small amount of saliva 
appeared at the lips. No other subject coughed on 
any occasion, including during the insertion of an 
oral airway. Subject No. 3 sneezed (once at 4.8% 
end-tidal agent), as did subject 4 (twice at 4.9% 
end-tidal) and subject 8 (once at 3.3% end-tidal). 
After 7 min exposure to an inspired concentration 
of 1.8% desflurane (end-tidal 1.5%), subject 4 
complained of feeling dizzy. An oral airway was 
inserted in order to overcome some respiratory 
obstruction m six subjects and was tolerated well. 

Ventilation was often irregular, in both rate and 
volume, at end-tidal concentrations of 1.6-3.2%, 
associated sometimes with a brief excitement 
phase (typical of that which occurs during gaseous 
induction of anaesthesia with other agents), and 
airway support was usually necessary in this range 
as the laryngeal and pharyngeal musculature re- 
laxed. As noted previously, an oral airway was 
used in six subjects; it was inserted at end-tidal 
concentrations of 4.0-4.9% when the volunteer 
was asleep and relaxation of pharyngeal muscu- 
lature made the maintenance of a clear airway 
difficult. In the five subjects exposed initially to an 
inspired concentration of 5.4% (group IT) this 
was accomplished smoothly during a single ex- 
piration and without respiratory disturbance at 
10.6 (1.9) min after initiating exposure to the 
agent. Minute volume did not change signifi- 


PHASE 1 TRIAL OF DESFLURANE 


TABLE I. Mean (sD) changes from control (pre-exposure 
values) in measured cardtorespiratory variables and skin 
temperature at the highest steady state concentration of 
desflurane to which all volunteers were exposed. Typically, this 
was 5.4% tmspired, which corresponded to an end-ndal 
concentration of 4.8 (+0.1)%. * Sigmficantly different from 


control (P < 0.05) (paired t test) 
Control Desflurane 

Manute volume 8.1 (2.2) 7.8 (1.9) 
(tre min`?) 

Ventilatory rate 9 (2) 19 (4)* 
(b.p.m.) 

End-tidal CO, (%) 5.0 (0.7) 6.2 (0.5)* 

Systolic arterial 119 (12) 110 (10) 
pressure (mm Hg) 

Diastolic arterial 68 (7) 58 (8)* 
pressure (mm Hg) 

Heart rate 59 (5) 57 (7) 
(beat min=!) 

Rate—pressure product 6984 (847) 6299 (830) 
(u.) 

Skin temperature (°C) 26.6 (1.0) 34.1 (1.3)* 


cantly, but rate of ventilation and end-tidal carbon 
dioxide concentration increased with anaesthesia 
(table I). Oxygen saturation varied between 97 
and 100% during most of the control and test 
periods, although occasional values of 96% were 
noted during both periods. 


Cardiovascular effects 


Systemic arterial pressure decreased (diastolic 
pressure significantly (P <0.05)), whilst heart 
rate and rate—-pressure product remained virtually 
unchanged (table I). Skin temperature increased 
with anaesthesia: it was 26.6 (1.02)°C before 
exposure, 34.1 (1.31) °C at the end of anaesthesia 
(P < 0.01) and 31.6 (2.25)°C 30 min after ex- 
posure, 

The only disturbance of cardiac rhythm (other 
than episodes of sinus tachycardia associated with 
induction excitement) that occurred throughout 
the trial was a single premature atrial contraction 
recorded at an end-tidal concentration of 5.0% 
desflurane, This subject had sinus bradycardia on 
the screening ECG with a ventricular rate of 45 
beat min and a P-R interval of 128 ms. At rest, 
before exposure to desflurane, a short sequence of 
junctional rhythm was noted. 


Post-exposure data 


In group I, after anaesthetic concentrations of 
desflurane were discontinued, the time taken to 
respond to command (“squeeze my fingers”) 
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TABLE II. Side effects, duration and hkely assoctation with 
test-drug exposure All the side effects were mild and all 
subjects recovered from them onthout remedial action 


Subject Study-drug 
No. Side-effect Duration related? 
1 Mouth ulcer 5 days Remote 
2 Nausea 10 min Probably 
3 Headache 90 min Probably 
4 Headache 21 min Probably 
eee \ 2h Probably 
5 None 
6 Abnormal taste 10 min Probably 
7 Nausea 
Tiredness 29 min Probably 
Headache 
8 Light-headed 
Nausea 40 min Probably 
Disorientated 
9 None 
10 None 


varied from 1 to 4min (mean 2.7 (1.17) min). 
Side-effects and likely association with exposure 
to desflurane are listed in table II. All subjects 
drank water within 1h of discontinuing the test 
drug. In all subjects, including the five who were 
exposed initially to the low concentration of 
desflurane, amnesia developed rapidly and sub- 
jects remembered very little of the subsequent 
events, including those occurring during excite- 
ment. 

No subject found the experience unpleasant 
and all agreed they would readily undergo again a 
similar investigation with the agent. When speci- 
fically questioned, all stated that the agent had a 
noticeable odour, but none thought that it was 
unpleasant. One subject, a department member 
who has taken part in several trials of inhalation 
agents (including nitrous oxide) as sedatives, 
stated that breathing low concentrations of des- 
flurane compared favourably with his previous 
experiences. 


DISCUSSION 


In common with isoflurane, enflurane and halo- 
thane, desflurane is halogenated with fluorine but 
not with chlorine (halothane, enflurane and iso- 
flurane) or bromine (halothane) (fig. 1). In this 
respect, it resembles sevoflurane, which is a 
methyl isopropyl ether halogenated entirely with 
fluorine. Structurally, it differs from isoflurane 
only by substitution of fluorine for chlorine on the 


14 


Cl F F 


| | | 
H—C—C--O—C—H 


| | | 
F F F 


Compound No. 347: enfiurane 
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Compound No. 469: isoflurane 
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Compound No. 635: desflurane 
(difluoromethyl 1-ftuoro 2,2,2-trifluoro ethyl ether) 


Sevoflurane: a methyl isopropyl ether 


Frs. 1. The new volatile ansesthenuc, desflurane (1-653), is the 

653rd compound in the series of methyl ethyl ethers investi- 

gated by R. C. Terrell and associates. It differs from iso- 

flurane in the substitution of fluorine for chlorine on the 
a-ethyl carbon. 


a-ethyl carbon and thus it has a lower molecular 
weight than enflurane and isoflurane (which are 
structural isomers): 168 Da compared with 184.5 
Da. It belongs to the same chemical series as these 
volatile anaesthetics, being a methyl ethyl ether, 
and was the 653rd compound to be synthesized in 
the series (by R. C. Terrell and associates), of 
which the 347th is enflurane and the 469th, 
isoflurane. 

Desflurane appears to be devoid of toxicity in 
rats exposed chronically to the agent [4] and in an 
enzyme-induced hypoxic rat model [5], in ad- 
dition to dogs (unpublished data), In rats and 
pigs, it appears to be biotransformed less than 
isoflurane [1,3]. Preliminary work in pigs sug- 
gests that its cardiovascular effects are similar to 
those of isoflurane [6]. 
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Our study suggests that, although some of the 
cardiorespiratory effects of desflurane in man are 
similar to those of isoflurane, there are important 
differences. Of particular significance is the ob- 
servation that unpremedicated, healthy young 
men breathing either sub-anaesthetic (1.8%) or 
anaesthetic (5.4%) concentrations of desflurane 
for 30 min had no episodes of breath-holding, 
cough, salivation or other untoward respiratory 
disturbance. All the subjects stated that the agent 
was not unpleasant to breathe and some vol- 
unteered that it was quite pleasant. Thus, at the 
concentrations used in this study, desflurane 
appears devoid of irritant respiratory effects. This 
lack of pungency and irritation, coupled with the 
low solubility in blood (blood/gas partition co- 
efficient 0.42) suggests that desflurane may be a 
useful anaesthetic for inhalation induction. This 
property would be of particular value in paediatric 
anaesthesia. 

The agent produces respiratory depression in 
unstimulated volunteers, as indicated by an 
increase in end-tidal carbon dioxide concen- 
tration. Despite an increase in rate of ventilation, 
it appears that alveolar minute volume decreases. 
In this respect, desflurane resembles other potent 
halogenated anaesthetics. Airway support was 
necessary after more than 2-3 % of the agent was 
breathed and at concentrations greater than 4% 
an oral airway could be inserted easily and was 
well tolerated. 

Systemic arterial pressure was reduced, with a 
greater change in diastolic arterial pressure. In 
general, changes in systolic pressure relate to 
changes in cardiac output and changes in diastolic 
pressure relate to changes in systemic vascular 
resistance. Thus, in common with isoflurane, 
desflurane may decrease systemic vascular resis- 
tance more than cardiac output. In swine, these 
two agents have similar effects on cardiac output 
and systemic vascular resistance. However, in 
distinction to isoflurane, which increases heart 
rate especially in younger subjects, desflurane was 
not associated with any significant change in this 
study (mean values: control 59; 4.9% end- 
expired desflurane 57). In combination with a 
small reduction in systolic arterial pressure (statis- 
tically insignificant), the stable heart rate resulted 
in little overall change in rate—pressure product 
(mean values: control 6984; 4.99% end~expired 
desflurane 6299). The lack of an increase in heart 
rate was unexpected, and is at variance with the 
findings in swine. This may have implications for 
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PHASE 1 TRIAL OF DESFLURANE 


use of desflurane in patients with ischaemic heart 
disease, in whom an increase in myocardial oxygen 
demand and a decrease in supply would be 
deleterious. 

The stability of cardiac rhythm during des- 
flurane exposure was a notable property of the 
drug. The single premature atrial contraction 
occurred in a volunteer who was known to have a 
marked (physiological) bradycardia at the screen- 
ing visit (he was a keen sportsman) and in whom 
a short sequence of junctional rhythm was 
recorded before exposure to desflurane. Stability 
of cardiac rhythm has been demonstrated also in 
the presence of increased plasma concentrations 
of adrenaline in swine [7], and implies that 
desflurane lacks a significant effect on cardiac 
impulse initiation and conduction (electrophysio- 
logically, changes in these factors are prerequisites 
for the initiation of rhythm disturbances caused 
by altered automaticity or impulse re-entry). 
During induction, several subjects had a brief 
period of excitement during which endogenous 
catecholamines may be expected to be released. In 
none of these was there any rhythm disturbance 
other than sinus tachycardia. 

All subjects awoke within a few minutes of 
discontinuing anaesthetic concentrations of the 
agent and all side effects were short-lived; none 
required active treatment. All volunteers stated 
that the experience had not been unpleasant and 
that they would readily undergo a similar trial in 
the future. 

In conclusion, desflurane appears to be a 
promising new inhalation anaesthetic agent. It 
may not have the respiratory irritant properties 
and effect on heart rate that isoflurane has and 
may, therefore, more closely approximate the 
properties of an “ideal” inhalation agent [8]. In 
addition, its low solubility in blood may permit 
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especially rapid recovery from anaesthesia and its 
molecular stability should minimize the potential 
for end-organ toxicity. 
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DOUBLE BLIND COMPARISON OF TRANSDERMAL 
HYOSCINE AND PLACEBO FOR THE PREVENTION OF 


POSTOPERATIVE NAUSEA 


E. M. J. KOSKI, M. A. K. MATTILA, D. KNAPIK, T. TOIVANEN, 
H. RUUSUKALLIO, P. ANDERSSON AND Y. FREUDENTHAL 


SUMMARY 


Transdermal hyoscine (Scopoderm, Ciba-Geigy) 
has been compared with placebo in 283 female 
patients. The hyoscine patch had no significant 
effect on postoperative nausea or vomiting. In 
contrast with earlier studies, there was no 
correlation between previous experiences of 
nausea (motion, pregnancy or surgery related) 
and nausea caused by the surgery or anaesthetic 
in this study. No correlation was found between 
nausea or vomiting and the type of operation. 


KEY WORDS 


Vomiting: antiemetic, hyascine, Pharmacokinetics. trans- 
dermal 


Nausea is an unpleasant postoperative symptom, 
especially for many female patients [1]. The 
incidence of nausea and vomiting has been found 
in different studies to vary greatly [2-5]. 

The aetiology of postoperative nausea is usually 
multifactorial [4,6]. The main causes include 
inhalation anaesthetic agents, opioid analgesics 
and distension of the stomach or intestines [7]. 
Pain may cause nausea [8], as may hypoxia, 
hypercapnia or an increase in intracranial press- 
ure. Predisposing factors include also the type of 
surgery and the irritant effect of blood in the 
stomach [9]. 

Hyoscine, antihistamines and neuroleptic 
agents are widely used as premedicants, but they 
have been superceded largely by the benzo- 
diazepines, which have a good anxiolytic effect but 
do not possess antiemetic properties. 

There is a need for an effective postoperative 
antiemetic agent. Ideally this should be easy to 
administer, long-lasting and without side effects. 


Transdermal hyoscine seems to fulfil these criteria 
in the prevention of motion sickness [10, 11]. This 
encouraged us to study its efficacy in the prophy- 
laxis of postoperative nausea and vomiting. 


PATIENTS AND METHODS 


Female patients requiring general anaesthesia 
were included in this two-centre study (Kuopio 
University Central Hospital (KUCH) and Dis- 
trict Hospital of Varkaus (DHV)). Patients with 
known allergy to hyoscine were excluded. The 
study was approved by the Ethics Committees of 
the hospitals and each patient’s informed consent 
was obtained. 

Any history of motion sickness and nausea or 
vomiting related to previous surgery or pregnancy 
was sought from each patient on the day of 
admission. A Q~3 grading (none—very frequent) 
was used to assess the severity of the symptoms. 

The study was conducted in a double-blind 
manner and the patients were allocated randomly 
to receive either a hyoscine (Scopoderm, Ciba- 
Geigy) transdermal patch or matching placebo 
patch. The patch was applied to the skin behind 
an ear on the evening before surgery, by one of the 
investigators. The active patches delivered 
hyoscine 140 pg initially and thereafter 5 pg h™ 
for up to 72 h [12]. The patches remained in situ 
for a minimum of 48 h after operation. 

The patients were fasted from midnight fol- 
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lowing soup or other liquid meal on the previous 
evening. For premedication they received either 
promethazine 25 mgi.m. (at DHV) or flunitra- 
zepam 1 mg i.m. (at KUCH) 1h before the start 
of anaesthesia, which was induced with thio- 
pentone 3—6 mg kg! and maintained with 65% 
nitrous oxide in oxygen. The trachea was always 
intubated after application of 4% lignocaine to 
the epiglottis and upper trachea and lignocaine gel 
to the tracheal tube. Fentanyl was given for 
analgesia as indicated, and additional enflurane 
was given at DHV. The dose of fentanyl did not 
differ between the groups. Alcuronium was given 
for muscle relaxation and the residual effects were 
antagonized with neostigmine 2.0 mg preceded by 
atropine 1.0 mg. 

After surgery the patients were taken to the 
recovery room where they were observed for 
approximately 3 h. All the nurses in the recovery 
unit were taught by the investigators to monitor 
carefully the patient’s state and record the onset 
and duration of nausea and vomiting in addition 
to the type and dose of rescue antiemetic medi- 
cation given. The severity of symptoms were 
recorded using a scale of 0-4 (0 = none; 1 = mild 
on enquiry; 2 = moderate nausea noted without 
enquiry; 3 = vomiting occasionally; 4 = severe 
and repeating vomiting). Droperidol 1.25 mg i.v. 
(or metoclopramide 10 mg i.v. in one patient) was 
given if the patient vomited or spontaneously 
complained of nausea. 

Postoperative pain was treated with either 
buprenorphine 0.3 mg i.m. or 0.4 mg sublingually 
at DHV and oxycodone chloride 5 mg i.v. or 10 
mgi.m. in the recovery room or ward area at 
KUCH, respectively. Indomethacin 50 mg. i.v. 
was given after operation at DHS. Fluid loss was 
replaced with 0.3 % saline in 5% dextrose solution 
given at an approximate rate of 2-5 mlkg?h" 
until oral intake was sufficient on the first day after 
operation. Blood transfusion was given when 
indicated. 

After recovery but before transfer to the ward 
area, the observing nurse enquired after the 
severity of side effects such as dry mouth, 
difficulty in micturition, visual disturbance, ver- 
tigo and palpitations. On the second day after 
operation, the patient completed a questionnaire 
on the duration and severity of nausea or vomiting 
and their relation to specific activities such as 
eating, drinking or movements. The patients 
recorded also the severity and duration of side 
effects experienced in the ward area. 


Statistical analysis 


Data were analysed statistically using BMDP 
Statistical Software Package [13]. Treatment 
effect was analysed using the paired £t test 
(BMDP.3D). Nonparametric testing (Mann— 
Whitney U test) (BMDP.3S) was used for ordinal 
data and parameters not normally distributed, and 
Pearson’s Chi-squared test (BMDP.4F) for nom- 
inal data. 

RESULTS 

We studied 283 female patients of ASA classes I- 
III (table I). Twenty-six patients were excluded 
from analysis for the following reasons: the 
operation was cancelled or general anaesthesia 
was not given (18 patients); the patch was 
insufficiently fixed or fell off prematurely (three 
patients); re-operation was required (one patient); 
intraoperative bronchospasm unrelated to the trial 
preparations (one patient); the trial procedure was 
changed for administrative reasons (three 
patients). Fifty-three percent of the operations 
were gynaecological, 27.5% upper abdominal! and 
the remainder mostly thyroid or breast surgery. 

There were no significant differences between 
the patients treated at the two centres. 


Nausea and vomiting 


There were no significant differences between 
the duration of nausea in the hyoscine group 
(mean 16.3(SEM 5.2) min) and that in the placebo 
group (28.0 (8.9) min), in the frequency or severity 
of nausea and vomiting in the recovery room 
(fig. 1) or in the doses of rescue antiemetic 
medication given (table IT). The overall frequency 
of nausea in the recovery room was 25.2% in the 
hyoscine group and 25.4% in the placebo group. 


TABLE 1. Patient characteristics (mean (SEM) [range}) 


Transdermal 
hyoscine Placebo 
(n = 127) (n = 130) 
Age (yr) 42.88 (0.956) 41.22 (0.93-4) 
[18-72] [18-67] 
Weight (kg) 65.22 (0.995) 64 679 (0.873) 
[42-108] [48-106] 
Height (em) 162.93 (0.51) 162.34 (0 52) 
[150-179] [145—175] : 
Duration of 81.77 (5.56) 70 16 (4 35) 
operation [5-285] [6-317] 
(min) 
Duration of 106 82 (6.05) 95 28 (4 57) 
anaesthesia [25-315] [20-337] 
(mun) 
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Fic. 1. Number of patients given transdermal nee or placebo who experienced nausea and vomiting 
in the recovery room. 0 = None; 1 = mild on enquiry; 2 = moderate nausea noted without enquiry; 
3 = vomiting occasionally; 4 = severe and recurrent vomiting. 
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FIG. 2. Number of ace en transdermal nese r placebo who experienced nausea and vomiting 
the ward. None; l= car nausea; 2 = repeated nausea; 3 = occasional vomiting; 
repeated vomiting. 


There were no significant differences in the 
frequency or severity of nausea and vomiting on 
the ward (fig. 2). After 2 days in the ward, 21 % of 
the patients in the active hyoscine group reported 
having experienced nausea, vomiting or both, 
compared with 23% of the placebo group. The 


overall frequency of nausea in the ward area was 
53.5% and 56.5% in the hyoscine and placebo , 
groups, respectively. 
Side effects 

There were no significant differences in fre- 


TRANSDERMAL HYOSCINE AND POSTOPERATIVE NAUSEA 19 


TABLE II. Number of patients recerving antiemetic medication 
doses given in the recovery room 


No. doses administered 
0 I 2 3 4 


107 16 2 1 0 
107 14 5 4 i 


Hyoscine 
Placebo 


TABLE III. Percentage of patients with reported side effects in 
the recovery room or on the ward (n = 257), *P < 0.05 
(Pearson Chi-squared test) 


Transdermal 
hyoscine Placebo 

Dry mouth (%) 

Recovery room 61.6 63.4 

Ward 83.9 * 65.4 
Visual disturbance (%) 

Recovery room 8.8 z 6.1 

Ward 36.8 * 16.9 
Vertigo (%) r 

Recovery room 4.8 7.6 

Ward 48.8 42.3 


quency (table III) or severity of side effects 
reported by patients in the recovery room. 
However, there was a significantly greater fre- 
quency of dryness of the mouth and visual 
disturbance in the hyoscine group on the ward 
(table ITI). 


DISCUSSION 


Hyoscine given i.m. has been shown to have a 
transient antiemetic effect when combined with 
morphine [14]. However, some patients have 
developed untoward side effects such as 
hallucinations and mental confusion [15]. With 
low doses this is rarely a problem, even though it 
has been observed in some patients [16]. 

In this study we found no significant difference 
in postoperative nausea or vomiting between 
groups receiving transdermal hyoscine or placebo. 
Similar results have been reported in two previous 
studies [17, 18]. Other investigators have shown a 
beneficial effect, although in small groups of 
patients with less control of operative procedure 
and anaesthetic [19, 20]. A study of patients given 
anaesthesia for uterine curettage found a small but 
significant advantage of transdermal hyoscine 
compared with placebo [21]. However, these 
patients were given anaesthetics of short duration, 
without tracheal intubation. Uppington and 
colleagues [22] found that transdermal hyoscine 


was effective for only the first 24 h after surgery; 
this was thought to be caused by tolerance [23]. 

The overall frequency of nausea in our study 
was comparable to that observed previously [4]. 
Contrary to previous studies [24], we found no 
correlation between earlier experiences of nausea 
and postoperative nausea. No difference was 
found in the frequency of nausea between 
different types of operation or their duration, in 
contrast with previous studies [2, 25]. 

The method of administration of the drug was 
well accepted by both patients and the personnel. 
The patch adhered well to the skin and no local 
side effects were experienced. 

We conclude that, despite its efficacy in the 
prevention of motion sickness  [10, 11], 
transdermal hyoscine is ineffective in the man- 
agement of postoperative nausea and vomiting. 
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CHANGES IN RESISTANCE TO MOUTH OPENING 
INDUCED BY DEPOLARIZING AND NON-DEPOLARIZING 
NEUROMUSCULAR RELAXANTS 


A. 
J. 


SUMMARY 


Mouth opening was measured in 43 children 
anaesthetized with isoflurane and paralysed with 
vecuronium or suxamethonium. Measurements 
of mouth opening were made for up to 10 min 
after loss of the adductor pollicis twitch and 
cessation of muscle fasciculations. In 22 patients 
receiving suxamethonium, a significant (P < 
0.007) reduction in mean mouth opening oc- 
curred in the 60s after loss of twitch and 
cessation of fasciculations. Mouth opening re- 
ductions could last for up to 10 min after the loss 
of twitch, beyond the return of the twitch. One 
patient experienced “masseter spasm”; he did 
not develop malignant hyperpyrexia during 2.5 h 
of isoflurane anaesthesia. Patients receiving 
vecuronium showed a significant (P < 0.0006) 
increase in mouth opening. In 20 subjects, mouth 
opening was generated with a small (1.67 N) 
and a larger (4.32 N) force. Proportionally equal 
reductions in mouth opening were obtained with 
either torce after suxamethonium administration. 
Relatively equal increases with either force 
followed vecuronium administration. Isolated 
masseter spasm is not pathognomonic for 
malignant hyperpyrexia. If the diagnosis of 
malignant hyperpyrexia is contemplated, signs of 
hypermetabolism, such as increases in end-tidal 
carbon dioxide concentration during constant 
minute ventilation, should be sought. 


KEY WORDS 


Anaesthetics volatile: isoflurane. Complications: masseter 
spasm, malignant hyperpyrexia Neuromuscular relaxants: 
suxamethonium, vecuronium. 


Administration of suxamethonium during halo- 


thane anaesthesia is used widely in children to 
relax jaw musculature to facilitate tracheal in- 


F. L. VAN DER SPEK, P. I. REYNOLDS, W. B. FANG, 
A. ASHTON-MILLER, C. S. STOHLER AND M. A. SCHORK 


tubation. In a recent study we have demonstrated 
that jaw muscle tone increases after administration 
of suxamethonium [1]. This unexpected behav- 
iour raises a number of unanswered questions. 
For example, what mechanism underlies this 
response; is this behaviour dependent on the 
presence of halothane; does it occur when the 
mouth is opened by large as well as small test 
forces, and may it be caused by jaw muscles which 
were slow to relax? 

The present study was designed to examine the 
first two questions by comparing the effects of two 
dissimilar neuromuscular blockers, suxa- 
methonium and vecuronium, administered under 
isoflurane rather than halothane anaesthesia. The 
last two questions are examined by using two test 
forces and continuing measurements for an ex- 
tended period of time. 


PATIENTS AND METHODS 


We studied patients of ASA physical status I or 
II, who required general anaesthesia and tracheal 
intubation for an elective surgical procedure. 
Those with known temporomandibular joint 
(TMJ) or muscle disease or cranio—facial dis- 
proportions were excluded. Ethics approval was 
granted by the local committee for human ex- 
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perimentation and informed parental consent was 
obtained. Subjects were not premedicated. An- 
aesthesia was induced with increasing concen- 
trations of isoflurane and 66% nitrous oxide in 
oxygen. End-tidal carbon dioxide (£’¢9,) con- 
centration was measured. Breath sounds, arterial 
pressure, electrocardiogram and temperature 
were monitored and an i.v. infusion was started. 
The adductor pollicis muscle twitch was evoked 
by transcutaneous stimulation of the ulnar nerve 
using supramaximal, square wave stimuli (fre- 
quency 1 Hz, 0.2 ms duration) and was monitored 
visually. The offset and onset of the twitch and of 
fasciculations were noted by an observer blinded 
to the neuromuscular blocker used. General 
anaesthesia was administered by a separate 
anaesthesia team, not by the investigators. An- 
aesthesia was deepened to a level sufficient for the 
patient’s trachea to be intubated as judged by 
clinical criteria such as heart rate, arterial press- 
ure, rate of ventilation, tidal volume, pupillary 
size, and the response to manipulation of the 
mandible and direct laryngoscopy. When the 
desired anaesthetic level was obtained, the con- 
centrations of anaesthetic gases were not changed 
until the end of the study period. The patient’s 
head was placed in the “sniffing” position. 

Forty-three patients were studied in the first 
part of this study. The mouth was opened for a 
baseline measurement (at time T,) by means of a 
constant test force of 1.67 N, applied via a traction 
device positioned over the central mandibular 
incisors, as described previously [1]. The test 
force was directed in the mid sagittal plane 
perpendicular to the mandibular plane. The 
separation of the maxillary to mandibular central 
incisors (D) was measured in the mid sagittal 
plane [1]. Either suxamethonium 1.5 mg kg™ or 
vecuronium 0.1 mg kg! was administered i.v. 
randomly over 15s. Ventilation was controlled. 
When the thenar twitch was suppressed totally 
and after cessation of fasciculations (at T,), mouth 
opening (D,) was measured again, followed 45s 
later (at T,) by a third measurement, D,. In- 
tubation was performed usually at approximately 
90 s after T,. 

To establish how long mouth opening reduc- 
tions may last, we studied patients from the first 
part of this study who demonstrated a mouth 
opening reduction after suxamethonium at T, 
which was of the same magnitude or more than 
that measured at T,. Ten of 22 patients fulfilled 
this criterion. In these patients, measurements 
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were continued at l-min intervals until mouth 
opening had returned to 2 mm from baseline. 

For the third part of this study, 10 randomly 
selected patients received suxamethonium 1.5 mg 
kg! i.v. and 10 patients in an age-matched group 
received vecuronium 0.1 mg kg™! i.v. during iso- 
flurane anaesthesia as described above. Mouth 
opening was produced at baseline (T,) by the 
application of the 1.67-N test force designated as 
D,, followed immediately by a second test force of 
4.32 N (approximately one pound of force), 
designated as D,’. These double measurements 
were repeated after the loss of twitch and 
fasciculations (T,) and 45s later (T,) with the 
incisal distances designated as D, and D,’, and D, 
and D,’, respectively. 

In the first part of this study, analysis of 
variance (ANOVA) was used to compare the two 
groups of patients. Their mouth opening values 
were compared by two-factor repeated measures 
ANOVA (rm-ANOVA). When significant inter- 
actions of the blocking drug and the repeated 
measures factors occurred, mouth opening was 
compared between the two relaxant groups by 
ANOVA and within each relaxant group over 
time by one-population repeated measures 
ANOVA (or-ANOVA),. Probability values were 
adjusted for pairwise multiple comparison 
(Scheffé). Changes in mouth opening with respect 
to baseline (D,-D,, D,;~D,) were compared by 
ANOVA. In view of the variation in mouth 
opening, mouth opening values were normalized 
with respect to the patient’s baseline values (D,). 
Thus normalized mouth opening at T,, T, and T, 
equal D,/D,, D,/D, and D,/D,, respectively; 
subsequently they were compared by ANOVA. 

For analyses of the third part of this study, the 
differences in mouth opening, produced by the 
two consecutive forces, were calculated for each 
patient at each time (e.g. delta-D, = D,’-D,), and 
were compared between relaxant groups by 
ANOVA. The effects of vecuronium and suxa- 
methonium on the relative changes in mouth 
opening produced by the two forces at T, and T, 
were compared by rm-ANOVA. 


RESULTS 


The group of patients receiving suxamethonium 
did not differ significantly from those receiving 
vecuronium (table I). Because of inter-subject 
variability, the effects of the neuromuscular 
blockers and of the repeated measures were not 
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TABLE I. Detatls of patients receiving vecuromium or suxamethomum from the first and second part of 
this study (mean (SD)). No significant differences between groups (ANOVA) 


Age Height Weight Sex 

(yr) (cm) (kg) (M:F) 
Suxamethonium (n = 22) 6.3 (3.3) 117.7 (24.6) 25.0 (12.0) 13:9 
Vecuronium (n = 21) 7.2 (3.4) 126.7 (24.6) 30.9 (17.9) 14:7 


TABLE II. Mean (SD) mouth opening (mm) during isoflurane anaesthesia before adrmamstration of neuromuscular blocker (D) 

tmmediately after the loss of twitch and fasciculations (D,) and 45 s later (D,). One-population repeated measures ANOVA 

demonstrated a sigmficant difference of D, and D, with respect to D, in panents receiving suxamethomum (F = 52; * P < 0.0001, 

corrected for pairwise multiple comparison) and m the group receiving vecuronium (F = 11.2; tP < 0.05; ttP < 0.0001, 

corrected for multiple comparisons). Mean differences m changes of mouth opening (D,-D,, D;-D,) and in normalized mouth 
opening, D,/D, and D,/D,, were sigmficant between groups 








D, D, D, D,-D, D,D, D,/D, D,/D, 
Suxamethonium 19.8 (4.9) 14.9 (5.9)* 15.2(6.0)* —4.9 (24) —4.5(2.9)  0.73(0.16) 0.76 (0.17) 
1.5 mg kg"? 
n= 2) 
PEN 16.6 (3.9) 17.4 (4.0)} 18.0 (4.D)ł}ł +0.81 (1.5)  +1.5(1.7) 1.06 (0.12) 110 (0.12) 
0.1 mg kg™ 
F ious 5.4 2.6 3.11 86.2 64.5 54.8 56.4 
P (ANOVA) < 0.025 < 0.114 < 0.085 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
independent and separate analysis was under- vs oe 
taken. Mean absolute mouth opening was sig- 
nificantly different between the two relaxant ue A - 
groups at T,, but not at T, and T,, as a result of we a 
differences in baseline mouth opening (table II). E08 iN z ‘a a, 
However, the mean differences in change of 3 |} | | 
mouth opening and the normalized mouth open- $ o€ ~ aT 
ing at T, and T, were significantly different £ { 
between groups. When patients functioned as & o4 To y 
their own control (or-ANOVA), administration of % : o Suxamethonium (1-22) 
suxamethonium was followed by a significant $ 02 i Paa A Male. 


reduction in mouth opening, while vecuronium 
was followed by a significant change in the 
opposite direction (table II, fig. 1). The effects 
of differences in depth of anaesthesia between 
patients and groups are minimized in the latter 
analysis. One patient’s mouth was closed fol- 
lowing administration of suxamethonium; his 
data were omitted from statistical analysis. 

Ten patients in the first part of the study 
demonstrated a mouth opening reduction at T, 
equal to or more than that at T, following 
administration of suxamethonium. Their mean 
values are graphed separately in figure 1. These 
patients did not differ significantly (P > 0.05) in 
height, weight, age or baseline measurements 
from the other patients receiving suxamethonium. 

In the third part of the study the group of 


0 100 200 300 400 500 600 


Time (s) 


Fic 1. Mean (sem bars) normalized mouth opening in 43 
children undergoing isoflurane anaesthesia. Baseline measure- 
ments were obtained at ume T,, following which suxa- 
methonium 1.5 mg kg@! (n = 22) or vecuronium 0.1 mg kg”? 
(n = 21) was admunistered i.v. Immediately after the complete 
loss of the neurally evoked adductor pollicis twitch and fasci- 
culations (T,), mouth opening was measured again, followed 
by a third measurement 45:8 later (T,). In patients whose 
mouth opening at T, was reduced to the same magnitude or 
more as at T,, measurements were continued at 1-min inter- 
vals. This subgroup is plotted separately, ın addition to the 
total suxamethonium group. RT = time of return of the 
adductor pollicis twitch. Vecuronium administranon was 
followed by a significant increase in mouth opening while 
gsuxamethonium was followed by a reduction. tP < 0.05; 
*P < 0.0001. 
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TABLE III. Details of patients in the third part of the study (mean (SD)). No significant differences 
between groups (ANOVA) 

















Age Height Weight Sex 
(yr) (cm) (kg) (M:F) 
Suxamethonium (n = 10) 7.6 (3.0) 129.4 (17.9) 29.1 (10.6) 6:4 
Vecuronium (n = 10) 7.9 3.6) 129.8 (26.5) 32.1 (18.0) 7:3 
1.6 16 
£ 14 1.4 ————_t 
fe) gae 
= 10 1) 
a 
3 o i OE 08 
3 
N 0.6 06 
L] 
$ 0.4 Suxamethonium o 17-N test force 0.4 Vecuronium o 1.7-N test force 
Q2 x4.4-Ntest force 92 x4 4-N test force 
0 0 
T1 T2 T3 T4 To T3 
Time Time 


Fic. 2. Mean (SEM bars) normalized mouth opening, produced by a 1.67-N test force followed 

immediately by a 4.36-N force in 10 children receiving suxarnethonium 1.5 mg kg‘ i.v. and in 10 age- 

matched children who received vecuronium 0.1 mg kg™! i.v. during isoflurane anaesthesia. Mouth 

opening was measured before administration of the blocker (T), after the complete loss of the neurally 

evoked adductor pollicis twitch and fasciculanons (T,), and 45 s later (T,). The proportional changes 

observed with the low test force did not differ from those observed with the greater force (P > 0.05). 
There is a significant difference between suxamethonium and vecuronium (P < 0.0001). 


TABLE IV. Mean (SD) mouth opening (mm) during tsoflurane anaesthesia tn the third part of the study, before administration of neuro- 
muscular blocker (D,, D,'), immediately after the loss of twitch and fasctculations (D,, Dy) and 45: later (Dy D:D. Mean 
values, normahzed with respect to D,, are also given 





D, D, D, D’ D; D; D/D, D/D, D,’/D, D,‘/D, D,’/D, 
Suxamethoarum 198 (4.2) 1500697) 162(52) 274(58) 213(63}) 219(57) 0O74(018) 0.81(015) 1396013) 107017 11119) 
15 mg kg' 
{n = 10) 
Vecuronmm£ 185 (35) 196(33) 205(33) 251(45) 265(652) 267(49) 107(016) 1.12(015) 138(026) 145 (027) 1.47 (031) 
01 mg kg 
(mn = 10) 
F (ANOVA) 0 56 4.8 4.9 0.99 41 40 19.2 20 5 001 14.9 99 
P (ANOVA) < 0.46 < 004 < 004 <0 33 < 006 < 606 < 0.0004 < 0.0003 <093 < 0,001 < 0.006 


patients receiving suxamethonium did not differ 
from that receiving vecuronium (table ITI). The 
differences in mouth opening for the two con- 
secutive forces (delta-D,) between the relaxant 
groups were not significant (ANOVA, P > 0.05) 
at T,, T,, or T, (fig. 2). The effect of suxa- 
methonium on the relative change in mouth 
opening differed significantly from that of vecu- 
ronium (F = 36; P < 0.0001, two factor rm- 
ANOVA) (table IV). The proportional changes 
observed with the low test force did not differ 
from those observed with the greater force (two 
factor rm-ANOVA, P > 0.05). 


The time required to achieve a level of anaes- 
thesia sufficiently deep to permit intubation of the 
trachea, as determined by the anaesthesia team, 
was 8—14 min of inhalation with 3—5 % isoflurane. 
The adductor pollicis twitch was abolished in all 
patients, in 40.7(18)s (mean (sp)) following 
suxamethonium administration and in 83.5 (23) s 
in those receiving vecuronium. Sixty-eight per- 
cent of patients receiving suxamethonium showed 
fasciculations starting at 12.7 (8)s. The reduc- 
tions in mouth opening in subjects receiving 
suxamethonium occurred when limb and ab- 
dominal muscles were flaccid. Isoflurane anaes- 
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thesia was continued in all patients as indicated by 
the surgical procedure, which lasted in excess of 
1 h in the majority of patients. Temperature and 
Eco, values stayed within the limits for normal 
clinical anaesthesia for the duration of the op- 
erative procedures. No patient developed a hyper- 
metabolic state. 

The mouth of one patient stayed closed shut for 
2.5 min following administration of suxa- 
methonium. After 11.5 min, his incisal distance 
had not returned to the baseline opening. Tracheal 
intubation was undertaken approximately 13 min 
after administration of suxamethonium. His vocal 
cords could not be visualized, but the trachea was 
intubated successfully at the third attempt. Gen- 
eral anaesthesia with isoflurane was continued for 
2.5 h without changes in Beo, or temperature. 
The changes in this patient’s mouth opening are 
included in figure 1. 


DISCUSSION 


Optimal conditions for tracheal intubation include 
relaxation of the jaw muscles and vocal cords, and 
immobilization of the body, providing unhindered 
access to the larynx. These conditions can be 
attained by deep general anaesthesia with iso- 
flurane or by light general anaesthesia supple- 
mented by neuromuscular block. During iso- 
flurane anaesthesia, neuromuscular blockers may 
increase the magnitude of relaxation and mouth 
opening depending on the depth of anaesthesia 
[2]. In this study, vecuronium administration 
increased mouth opening, a finding which is 
consistent with loss of tone in human limb and 
abdominal muscles [3] and with non-depolarizing 
block of neuromuscular transmission in twitch 
fibre muscle [4]. However, administration of 
suxamethonium was followed by a reduction in 
mouth opening, representing an increase in stiff- 
ness of jaw muscles [1]. These changes are 
contrary to those expected on the basis of the 
empirically established effects of neuromuscular 
blockers on the tone of normal human limb and 
abdominal muscles and to the effects of vecu- 
ronium on jaw muscle tone. 

Mean mouth opening of the depolarizing 
muscle relaxant group was larger at baseline than 
in the non-depolarizing group. It is possible that 
the former group was anaesthetized more deeply 
than the latter. Addition of a blocking drug in the 
depolarizing group would be expected to increase 
mouth opening to a lesser degree than observed in 


the non-depolarizing group, if both groups had a 
similar mouth opening capacity. As the inspired 
concentrations of isoflurane were not changed 
during controlled ventilation, the anaesthetic level 
was either the same or deeper at the time of 
subsequent measurements. Deepening the level of 
isoflurane anaesthesia would be expected to 
decrease muscular tone in a dose dependent 
manner. As during halothane anaesthesia, jaw 
muscle tone was increased also after suxa- 
methonium administration during isoflurane an- 
aesthesia in the present study, despite the different 
effects of these anaesthetic agents on neuro- 
muscular block (5, 6]. 

An essential difference between depolarizing 
and non~-depolarizing neuromuscular blocking 
agents is that the former initiate depolarization of 
the end-plates of twitch fibre muscles which 
elicits an action potential propagating along the 
muscle membrane, followed by an initial con- 
traction and subsequent relaxation of that fibre. 
However, the agonist actions at the acetylcholine 
receptors continue unabated, action potentials are 
no longer generated and propagated, no further 
contractions occur, and the normal twitch fibre 
muscles demonstrate loss of tone. Neuromuscular 
transmission is restored when the depolarizing 
agent has diffused away from the endplate region. 
Consistent with these phenomena at the cellular 
level, are the ‘‘agonist effects ” associated typically 
with depolarizing agents, including rapid onset, 
fasciculations and movements of limb muscle. 
However, profound relaxation of normal mam- 
malian limb muscle and continued inhibition of 
neuromuscular transmission are caused also by 
the typical agonist effects. The non-depolarizing 
neuromuscular blockers lack the typical signs 
resulting from stimulation of the cholinergic 
neuromuscular receptors. 

It has been suggested that reductions in mouth 
opening after suxamethonium administration re- 
sulted from “normal agonist” effects [7]. Al- 
though fasciculations and limb muscle movements 
may be thought of as normal agonist effects, and 
which may indeed represent periods of increased 
muscle tone, they occur usually within two to 
three circulation times (less than 1 min) after 
administration of suxamethonium and cease be- 
fore, during or, occasionally, shortly after the 
abolition of the neurally evoked adductor pollicis 
twitch. In this study, mouth opening reductions 
were present in the 1 min after loss of twitch, after 
cessation of fasciculations and for up to 10 min 
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thereafter—that is, throughout the period of 
complete twitch suppression in flaccid limb 
muscle and beyond the return of twitch. Thus the 
increased jaw muscle stiffness occurred during the 
entire period of normal agonist actions of suxa- 
methonium on limb twitch fibre muscle. The 
increased jaw muscle tone is not consistent with 
normal agonist effects on human twitch fibre 
muscle such as that found in the extremities, but 
it may be the result of its agonist effects on 
different muscle fibre types such as slow fibres, as 
present in human and mammalian extraocular and 
other muscles [4, 8]. 

Rosenberg proposed that the “sensitivity” of 
the technique in opening the mouth (i.e. with a 
1.67-N force) permitted measurement of the 
normal agonist effects of suxamethonium [7]. He 
postulated that the increased resistance to mouth 
opening would be quantitatively different from 
masseter muscle rigidity. However, it is apparent 
that mouth opening, obtained at a larger force of 
4.32 N, was reduced to the same proportions 
following administration of suxamethonium as 
observed with the smaller force of 1.67 N. We 
conclude that increases in jaw muscle stiffness 
after administration of suxamethonium are de- 
monstrable at moderate levels of force. 

As the effect of suxamethonium on jaw muscle 
tone is likely to be distributed normally, an 
occasional patient may be expected to demonstrate 
an exaggerated response, representing one end of 
the range of normal responses. This is exemplified 
by the jaw closure in one patient in this study. 
Although tracheal intubation was hindered initi- 
ally, mouth opening increased as the effects of 
suxamethonium wore off. He did not develop a 
hypermetabolic state—the hallmark of malignant 
hyperthermia. 

Alternatively, this patient may be regarded as 
having experienced “‘masseter muscle rigidity” 
[7]. There are only three reports with sufficient 
clinical data provided to deduce that masseter 
spasm occurred in isolation—that is, signs or 
symptoms of hypermetabolism were not present 
and specific therapy was not required. Our patient 
was similar to these reports. In the first of these 
studies [9], the authors acknowledged that the 
elective diagnosis of malignant hyperthermia 
susceptibility (MHS) is controversial and that the 
significance of isolated masseter spasm depends 
on the)ifiterpretation of the muscle biopsy test. In 
the second study [10], all patients were considered 
MHS on the basis of the (no longer accepted) 
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calcium uptake test [11]. Anaesthesia was dis- 
continued in the latter two studies. However, in a 
recent report [12], anaesthesia was continued in 14 
of 15 patients for up to 1 h (all patients received 
halothane except three who received an opioid- 
relaxant technique). A hypermetabolic state did 
not develop in any patient. One patient developed 
wheezing with cyanosis, hypercapnia and mas- 
seter spasm shortly after induction of anaesthesia 
with halothane and suxamethonium. Dantrolene 
was given and the procedure was continued. 
Other signs or symptoms of hypermetabolism did 
not develop. All patients recovered uneventfully, 
while two had subsequent anaesthetics with 
halothane and suxamethonium or atracurium 
without untoward events. 

It is clear from the latter and the current study 
that hypermetabolic activity does not necessarily 
follow isolated masseter spasm even when an- 
aesthesia is continued. Isolated masseter spasm 
occurs more frequently than the estimated in- 
cidence of MH and, although isolated masseter 
spasm is an uncommon sign, it does not differ- 
entiate subjects susceptible to hypermetabolism. 
If the diagnosis of malignant hyperpyrexia is 
contemplated, signs of hypermetabolism should 
be sought. Monitoring of Eco, concentrations 
during constant minute ventilation is a more 
sensitive and specific test for the early detection of 
hypermetabolism characteristic of MH. 
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A SIMPLIFIED APPROACH TO THE EFFECT KINETICS OF 


ATRACURIUM 


G. G. GRAHAM, D. TSUI AND T: A. TORDA 


SUMMARY 


The combination of the Hill equation, which 
describes the concentration—effect relation, with 
the monoexponential function for the terminal 
decline of plasma concentration, yields a com- 
pound time constant, T#. This constant is a 
combination of the terminal elimination half-life 
(Tf) and the exponent (s) of the Hill equation 
and may be used to describe the time course of 
recovery from neuromuscular block. The con- 
stant may be estimated by non-linear curve 
fitting to f, the effect expressed as fraction of 
maximal effect, or by linear regression of the logit 
function of f. The methods were validated using 
plasma concentration and effect data from seven 
patients administered atracurium. The two 
methods utilizing effect data alone yielded values 
of 4.2 (0.7) min and 4.3 (0.5) min (mean (SEM)), 
respectively, for T} compared with 4.1 (0.6) min 
when the constant was calculated using plasma 
concentration data for Tf and curve fitting to the 
concentration—-effect data to determine s. These 
methods offer an objective measure of the rate of 
recovery and a means of testing if redistribution 
or elimination is the primary process in the 
termination of drug effect. 


KEY WORDS 

Neuromuscular blockers atracurium Pharmacokinetics 
kinetics 

Pharmacokinetic studies generally involve 


measurement of the time course of plasma con- 
centrations of drugs. Such studies have been 
useful in determining the rates of absorption, 
distribution and elimination of drugs and have 
greatly assisted the design of dosage schedules. 
There has, however, been surprisingly little effort 
devoted to the analysis of the time course of effect 
of drugs. In this paper we present a simple 


method for analysing the time—effect relationship, 
that is, the kinetics of the effect of drugs. The 
method has been applied to the analysis of the 
effects of the neuromuscular blocking drug, 
atracurium, during its terminal elimination phase, 
but the method is applicable to the examination of 
the time—effect relationships of other drugs with 
clearly measurable effects and known maximal 
effect. 
The analysis is based on the Hill equation: 


f= O/(C +EC59") (1) 


where f= intensity of effect, expressed as a 
fraction of maximal effect; C = plasma concen- 
tration; EC; = plasma concentration associated 
with 50°, of the maximal effect; s = a constant 
(the Hill exponent). If the intensity of effect 18 
related to the plasma concentration by the Hill 
equation (equation (1)), EC; and s are constants, 
it follows that the rate of recovery is related to the 
time course of C*. During the terminal elimination 
phase, the half-life of C, and hence that of C, is 
constant, and their relationship is given by (see 
Appendix): 


TP = T P/s (2) 


where T,™ and T} are the half-lives of C` and C, 
respectively. The relationship of T,™ to the rate of 
recovery of drug effect is shown in figure 1. The 
derivation of the equations used to determine fs 
are shown and discussed in the Appendix. The 
value of T, may be found from equation (2) after 
determination of T, from analysis of plasma 
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Fic 1. Relation between effect, as fracnon of maximal effect 

(f) and C*, expressed here as multiples of the EC,, The in- 

terval between the plotted points represents a two-fold 

change in C*, thus the corresponding change in effect occurs 
over a time of Ty 


samples, by classical pharmacokinetic methods, 
while the value of s is determined from the 
relationship between effect and plasma concen- 
tration of the drug (equation (1)). Alternatively, 
however, the value of T°‘ can be found also from 
the time course of the effects of a drug, without 
recourse to plasma concentration measurements. 

Because recovery following the usual clinical 
doses of atracurium (> 300 ug kg) takes place in 
the “log-linear” elimination phase, the plasma 
concentration during recovery can be approxi- 


mated by: C= B.e* (3) 
This can be substituted in equation (1) to yield: 
f= E (eP te) (4) 


where ¢ is time from drug administration and t;e is 
the time associated with 50°, recovery (f = 0.5). 
Rearrangement of equation (4) yields: 


F/A—f) = ee Pi (5) 
and, in logarithmic form: 
In(f/(1—f)) = Bs(ts50— t) (6) 


The function f/(1—f) has been termed the 
linearized effect [1], while the logarithmic form, 
In({/(1 —f)) is the logit transformation of the drug 
effect [2]. For a neuromuscular blocking drug, 
this has been termed the logit blockade [3]. 
Fitting the time course of effect data to either 
equation (4) or equation (6) allows the com- 
putation of the complex constant Bs, from which 
the value of TS can be derived. This latter can be 
used to describe the time course of recovery. 
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METHODS 


The data used to validate the methods discussed 
above were derived from our previous pharmaco- 
kinetic study of atracurium isomers [4]. In the 
eight patients included in that stud”, the force of 
evoked maximal contraction (0.1 Hz) of the ad- 
ductor pollicis was recorded on a chart recorder. 
In one patient, anticholinesterase was admin- 
istered to hasten recovery, so deta from this 
patient are excluded from this paper, leaving 
effect data from seven patients for analysis. Jn all 
seven patients, response was initia ly abolished. 
Measurements of the response were commenced 
25 min after administration of the crug, or later, 
when it was again possible to measure twitch 
height with some accuracy. 

The assay methods also were described in our 
previous publication [4]. For the purposes of this 
study, the total atracurium concentration was 
calculated as the sum of the C-C and C—T isomers 
as, after 20 min, the concentration of the T-T 
group was less than limits of detectzon. 

The complete time course of total atracurium 
concentrations was fitted to a biexpcnential equa- 
tion using the Asystant+ (McMillan Software) 
software package: 


C=A.e“*+B.e% (7) 


where A, a, B, B are constants. As the blood 
samples were not always taken at the same time as 
the measurement of twitch height, the plasma 
concentrations were calculated by the use of 
equation (7) from the optimal values of A, a, B 
and B. The optimal values of s ard EC, were 
determined by non-linear curve fatting of the 
effect—concentration data (equation (1)) and the 
value of T} was calculated (see Appendix) from: 


T$ = 0.693/Bs = T}/3 (8) 


To determine fs and t; from effect data alone, 
the Asystant* computer program was used to fit 
the effect data during recovery to =quations (4) 
and (6), using non-linear curve fitting and linear 
regression, respectively, to yield optimal estimates 
of the combined constant Bs and the value of tyo. 
The constant 7,°* was calculated from equation 
(8). 

The two values for T,* obtained from effect data 
alone were compared, and each was compared also 
with the value obtained using plesma concen- 
tration data, by paired t tests. All grouped data are 
presented as mean (SEM). 
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Fic. 2. Tıme courses in, A: Fractional inhibinon of twitch 
height (f). Curve represents the optimal fit to equation (3). 
B: Plasma concentrations (C) of atracurium. Curve represents 
the optimal fit to equation (6). c: Functions f/(1—/f) and C*, 
where s is the exponent in the Hill equation (equation (1)) 
Only the terrninal log-linear phase of the plot of C“ us ume 18 
shown. The parallelism between the two linear plots is con- 
sistent with the theoretical analysis described in the Appen- 
dix. The time scale is identical in the three panels. 


RESULTS 


The doses of atracurium used (300-500 ug kg™*) 
caused total inhibition of the twitch in all patients. 
Recovery of the twitch commenced at 20-50 min 
after dosage and had recovered to greater than 
90°, of control value after 50-105 min. 

The time course of atracurium concentrations 
was fitted well by equation (7) and no systematic 
deviations were noted from the optimal plots. 
During the period of recovery (20—105 min), the 
total concentration of atracurium declined in a 
log-linear fashion (fig. 2). The mean terminal 
elimination half-life of total atracurium was 17.5 
(2.6) min. 

The relationships of the plasma concentrations 
of atracurium and its effect as measured by 
inhibition of twitch height, were described well 
by the Hill equation (fig. 3) with r? greater than 
0.97. The mean values for s and C, were 4.2 (0.8) 
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Fic 3. Relationship between fractional inhibition of twitch 
height (/) and plasma concentration (C) of atracurium in one 
patient. Curve represents the optimal fit to equation (1). 


and 0.27 (0.04) mg litre-', respectively. The time 
course of effect was described well by equations 
(4) and (6) (fig. 2) and the mean values of TP 
fitted to these two equations were 4.2 (0.7) min 
and 4,3 (0.5) min, respectively. In comparison, 
when T7, was calculated from separate deter- 
minations of T? and s (equations (7), (8) and (1)), 
involving plasma analysis and measurement of 
effect, the value was 4.1 (0.6) min. These values 
did not differ significantly. 

The half-life of C*, T°, is considerably shorter 
than the terminal half-life of the total drug in 
plasma, T°, as s is greater than 1. The estimates of 
the t;, obtained by fitting to equations (4) and (6) 
were similar and also agreed closely with the 
values obtained from curves fitted to the Hill 
equation (equation (1)). The semi-logarithmic 
plot of the function f/(1—/), vs time was linear 
and parallel to the semi-logarithmic plot of C vs 
time (fig. 2), as predicted (see Appendix) from 
equations (6) and: 


InC* = s5.InB—Bst (9) 


DISCUSSION 


Both the logit function and the Hill equation are 
used widely in the analysis of drug effects. The 
logit function has been used in the analysis of 
dose-response relationships of drugs [3,5], in- 
cluding atracurium [6], while the intensity of 
effects of drugs has been correlated frequently 
with concentrations in isolated tissue preparations 
in vitro or with plasma concentrations in vivo by 
the use of the Hill equation. This paper demon- 
strates that equations derived simply from the 
Hill equation can relate intensity of effect to time 
(equations (4) and (6)), although such equations 


ATRACURIUM KINETICS 


have been used very rarely in the analysis of the 
kinetics of drug effect. It was noted previously 
that the logit blockade of atracurium and pan- 
curonium declined linearly with time [3, 7], but 
no theoretical background for this behaviour was 
presented. A relation between Bs and the rate of 
recovery has also been noted previously [8], but 
the concept of a 7,’ was not suggested, nor was it 
indicated that this constant could be derived 
without assays of drug concentration. 

Semi-logarithmic plots of the function f/(1—/) 
have been used in the analysis of the pharmaco- 
kinetics of miotic and mydriatic drugs [2]. With 
such drugs s is unity [9]; consequently, semi- 
logarithmic plots of f/(1—f) vs time yielded 
directly the half-life of removal of these drugs 
from their site of action in the iris. In the present 
study, although s was greater than unity, the 
linear relation of the semi-logarithmic plot re- 
mains, with s>1 increasing the slope of the 
relationship. 

The half-life, T^, incorporates the exponent s 
from the Hill equation. For any particular drug, 
the effect chosen for measurement may vary the 
value of s. For example, in the present study, the 
mean value of 7,°’ was 4.2 min. In comparison, 
analysis of the effect of the same dose of 
atracurium on sustained tetanic contraction [3] 
yielded a mean half-life of 2.6min. The differ- 
ences may be related more to the method of 
measurement of effect than to differences in the 
terminal half-life of the drug, as the terminal half- 
life of atracurium is remarkably uniform [10, 11]. 
The elimination half-life in the present study, 
17.5 (1.5) min (mean (SEM)) may be compared 
with previously reported values of 19.9 (2.1) min 
and 20.1 (3.9) min. The values of the constants in 
the Hill equation, s and EC,,, were also similar 
to those found previously: 4.5 (0.8) and 0.26 
(0.04) mg litre7! in the present study, compared 
with values of 4.6 (0.5) and 0.29 (0.04) mg litre7! 
found by Ward and Wright [6]. 

The optimal value of T" may be determined 
from the time course of the effect of drugs by non- 
linear regression using equation (4) or by linear 
regression using equation (6). In the present 
studies, it was found that fitting the experimental 
data to these two equations yielded similar values 
of T}. However, in general, it would appear 
preferable to determine the optimal value of the 
complex constant, Bs, and hence the value of T,* 
by non-linear regression using equation (2), as 
any error in f leads to a larger fractional error in 
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the function f/(1—f). Such errors may weight the 
determination of the value of 7°. The practical 
value of the function f/(1—f) is thax it should be 
directly proportional to the value of C,’ (C, is the 
concentration of unbound drug st its site of 
action). Hence, semi-logarithmic plets of f/f) 
vs ume should show the same phases as the time 
course of concentrations of free drug at its sites of 
action. Thus the identification of uptake, dis- 
tribution or elimination phases of = drug at the 
biophase is possible. In the present study, semi- 
logarithmic plots of f/(1 —f) vs time were always 
linear, indicating that the recovery phase occurred 
always during the terminal phase of elimination of 
the drug. Non-linearity of the semi-logarithmic 
plot of f/(1—f) vs time could arise, if the Hill 
equation were not appropriate to describe re- 
covery, or if redistribution were szl] operative 
during recovery. The use of the lirear equation 
(6) also has the advantage that it can be performed 
on pocket calculators possessing logarithmic and 
linear regression functions. 

The analysis of the time course of effect of a 
dose of a neuromuscular blocking drug, as 
outlined in this paper, does not yielc as complete 
an understanding of the pharmacckinetics and 
pharmacodynamics of the drug as is supplied by 
simultaneous studies of effect and plesma concen- 
trations—-studies of the type conducted by Hull 
and colleagues [12] and Sheiner ard colleagues 
[13]. Nonetheless, the present work shows that 
the time course of effect of a single dose of a 
neuromuscular blocking drug can be analysed in 
more detail than has been the case in previous 
studies. The methods outlined are applicable 
particularly to the analysis of the effect kinetics of 
myoneural blockers, as their effect is easily 
measured and, furthermore, their maximal effect 
is full paralysis and is thus known With other 
drugs the maximal effect must be determined after 
administration of large doses [2] or extrapolated 
from the results of the study. 

Determination of the half-life of the complex 
constant C*, which we have called T,", from effect 
data alone, is useful in understandirg the rate of 
recovery from neuromuscular block. It permits 
construction of the recovery curve from obser- 
vation of early recovery (fig. 1). This half-life can 
also serve as an objective variable for comparisons 
of recovery rates of drugs. Furthermore, a plot of 
the logit blockade permits the idemtification of 
onset of redistribution and elimination phases 
during recovery from atracurium or other drugs. 
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APPENDIX 
The effect of a drug is often related to its plasma concentration 
by the Hill equation. 


f= O/(C+EC,,) (1) 


(The abbreviations were given in the Introduction.) Stnetly, 
the concentration terms in the Hill equation refer to concen- 
trations at the active site but, during the terminal elimination 
phase, plasma concentrations are generally assumed to be 
proportional to those at the active site. In the case of 
neuromuscular blocking drugs, analysis of the pharmaco- 
kinetics of pancuronium [12], tubocurarine [13] and atra- 
cunum [11] imdicates the existence of such proportionality 
during recovery. It 1s reasonable, therefore, to discuss the 
effect of a drug in relation to the plasma concentranion during 
the terminal elimination phase [14]. 

As EC, 18 a constant, it can be seen from the Hill equation 
that the intensity of effect of a drug 1s dependent upon the 
magnitude of the function C" and, therefore, the time course of 
effect must be related to the time course of C*. During the 
terminal elimination phase, the plasma concentration declines 
in a monoexponential fashion: 


C = Be™ (3) 
In the logarithmic form: 
ln C = InB—Br 


where B and B are constants. 
It follows that the function C~ changes with nme according 
to the equation: 


(10) 


C = Bre 
In the logarithmic form: 
la © =s nB—Bs (9) 


According to equations (9) and (10), semu-logarıthmıc plots of 
both C and C" vs time are linear provided equation (3) ıs valid. 
If s>1, as 1s the case for reversibly acting neuromuscular 
blocking drugs, the semi-logamthmic plot of C" vs ume is 
steeper than that of C. 

It also follows from equations (9) and (10) that the half-life 
of C* is given by. 


TP = 0.693/Bs = T,*/s (8) 


where 71" and T, are the half-lives of C` and C, respectively, 
during he terminal elmimaton phase. Thus 7," 1s shorter 
than T° if s > 1. : 

From equation (3), the concentration at 50°, recovery, 
ECGs: 


(11) 


EC,, = Be F” 


therefore, substituting in equation (1) from equations (3) and 
(12) and cancelling common terms yields 
f= en /(e7PY +e hy 2) (4) 


Non-linear fitting of the ume course of effect according to 
equation (4) yields values of z, and the combined constant fs, 
from which the value of 7 ,** 1s easily calculated by equation (8). 

Alternanvely, equation (4) can be rearranged to yield 


equation (5): 
JIN = e Me a (5) 


(12) 


and, in logarithmic form: 
la(f/(1 —f)) = Bs(t,,, —t) (6) 
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According to equation (6), the semn-loganthmuic plot of the 
function f/(1—f) 1s lmear with a slope of —Bs and, fur- 
thermore, the plot is parallel to the semi-logarithmic plot of C 
vs ume (equation (9)). Consequently, the half-hves of © and 
fiQ —f) are the same and the magmitude of 7," can be 
determined from effect data alone by the use of each equation 


REFERENCES 


1. Berkson J. Application of the logistic function to bioassay 
Journal of the American Statistical Association 1944; 39. 
357-365. 

2. Maurice DM, Mishima S. Ocular pharmacokinetics. In: 
Rossum JM van, ed. Handbook of Experimental Phar- 
macology. Berlin, Heidelberg, New York: Springer Verlag, 
1984; 19-116. 

3. Madden AP, Hughes R, Payne JP. Assessment of tetanic 
fade following atracurium. Brittsh Journal of Anaesthesia 
1983; 55: 535—5685. 

4. Tsui D, Graham GG, Torda TA. The pharmacokinetics 
of atracurium isomers i vtro and in humans. Anesthesto- 
logy 1987; 67: 722-729. 

5. Martin LJ Distributions and transformations in bio- 
statistics in pharmacology. In: Bovet D, ed Inter- 
national Encyclopaedia of Pharmacology and Therapeutics 
Oxford. 1973; 611. 

6. Ward S, Wright D. Combined pharmacokinetic and 
pharmacodynamic study of a single bolus dose of atra- 
curium. British Journal of Anaesthesia 1983; 55° 35S—38S. 

7. d'Hollander A, Delcroix C. Predicting the duration of 
action of non-depolarising curares. In: Conseiller C, ed. 
Curares and Curarisation. Postgraduate Course’ XIth 
International Meeting of Anaesthesiology and Resusci- 
tation. Amsterdam: Excerpta Medica, 1980; 209-211. 

8. Ward S, Boheimer N, Weatherley BC, Simmonds RJ, 
Dopson TA Pharmacokinetics of atracurium and its 
metabolites ın patients with normal renal function and in 
patients in renal failure. British Journal of Anaesthesia 
1987; 59: 697-706. 

9. Ohara K. Effects of cholinergic agonists on isolated iris 
sphincter muscles, a pharmacodynamic study. Japanese 
Journal of Ophthalmology 1977, 21: 516-527. 

10. Weatherley BC, Wiliams SG, Neill AM. Pharmaco- 
Kinetics, pharmacodynamics and dose-response relation- 
ships of atracurium administered i.v. Britush Journal of 
Anaesthesta 1983; 55: 39S—45S. 

11. Ward S$, Neuwl EAM, Weatherley BC, Corall JM. 
Pharmacokinetics of atracurium besylate in healthy 
patients (after a single i.v. bolus dose). Brinsh Journal of 
Anaesthesia 1983; 55: 113-117. 

12. Hull CJ, Van Beem HBH, McLeod K, Sibbald A, Watson 
MJ. A pharmacodynamic model for atracurium. British 
Journal of Anaesthesia 1978; 50. 1113-1121. 

13. Shemer LB, Stanskı DR, Vozeh S, Miller RD, Ham J. 
Simultaneous modelling of pharmacokinetics and 
pharmacodynamics: application to d-tubocurarine. Chm- 
cal Pharmacology and Therapeutics 1979; 25: 358-371. 

14 Wagner JG. Kinetics of pharmacologic response. I. 
Proposed relationships between response and drug con- 
centration im the intact animal and man. Journal of 
Theoretical Brology 1968; 20: 173-201 


British Journal of Anaesthesia 1990; 64: 33-35 


LOWER OESOPHAGEAL REFLUX DURING PRIMING WITH 


VECURONIUM 


C. MARTIN, J.-C. GUILLEN, B. DUPIN, J. RAGNI, P. AKNIN AND 


F. GOUIN 


SUMMARY 


We have studied the effects of vecuronium given 
in divided doses (priming principle) on the 
frequency of acid reflux into the oesophagus. 
Two groups of 16 patients were studied. After 
induction with thiopentone 6 mg kg’ and fen- 
tanyl 3 ug kg™', patients in one group were given 
vecuronium 0.01 mg kg! as a priming dose, 
followed by an intubation dose of 0.1 mg kg" 
4 min later. Patients in the other group were given 
no priming dose. Lower oesophageal pH was 
monitored continuously and acid reflux was 
defined as a decrease in pH to less than 4.0. One 
patient in each group had acid reflux during the 
time course of the induction. This study suggests 
that vecuronium 0.01 mg kg” given as a priming 
dose does not increase the risk of acid reflux into 
the oesophagus. 


KEY WORDS 


Neuromuscular relaxants: vecuronium, priming dose. Gas- 
trointestinal tract. oesophagus, reflux. Complications acid 
reflux 


The relatively slow onset time (time from adminis- 
tration to 95-100% neuromuscular block) of 
vecuronium limits its usefulness in rapid-sequence 
induction of anaesthesia [1, 2]. Onset time may be 
decreased by administration in divided doses 
(priming principle) [2,3]. A case of pulmonary 
aspiration has been reported following the use of 
vecuronium 0.02 mg kg! as a priming dose [4]. 
Gastric regurgitation and secondary pulmonary 
aspiration were attributed to sensitivity to non- 
depolarizing neuromusculer blocking drugs. The 
safety of the priming principle with regard to the 
lower oesophageal sphincter and subsequent re- 
gurgitation of stomach contents has not been 
established. 


The present study was designed to evaluate the 
risk of acid regurgitation into the oesophagus after 
administration of the recommended priming dose 
of vecuronium (0.01 mg kg) [2,2]. An oeso- 
phageal probe was used to provide continuous 
measurement of the pH in the lower oesophagus. 


PATIENTS AND METHODS 


Following institutional approval and informed 
consent, 32 patients (ASA class I or II) were 
studied. All patients were scheduled to have 
elective thoracic surgery. No patient had a 
nasogastric tube inserted or had received anti- 
cholinergic drugs, antacids or H,-receptor antago- 
nists. No patient had a clinical histocy of gastro- 
oesophageal reflux. They were premedicated with 
flunitrazepam 0.015 mg kg™t i.m. approximately 
45 min before induction of anaesthesia. 

After admission of the patient to the operating 
room and before anaesthesia, a soft plastic pH- 
probe, approximately 3mm in diameter and 
containing a combined glass electrode (Ingold) 
was inserted into the patient’s oesophagus, via the 
nose to permit continuous monitoring of lower 
oesophageal pH until the trachea was intubated. 
The probe was connected to a portable, self- 
programmable pH-meter (Proxima Light 1 com- 
puter, Proxima Electronic Comparry, Mantova, 
Italy). The probe was calibrated with two ref- 
erence solutions (pH 4 and pH 7). The range of 
the pH-meter was from 0.1 to 12.9, with a 
resolution of 0.1 and a precision greater than 1 % 
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[5]. Up to 15000 pH values can be stored in a 
solid-state memory. During the procedure, pH 
measurements were obtained at 2-s intervals. 
Data were analysed at the end of the procedure by 
transcribing the stored values on a printer giving 
a continuous record of pH for each patient. 

The probe was positioned while the patient was 
seated on the operating table. To ensure that the 
probe was positioned correctly in the lower 
oesophagus, the following procedure was adopted. 
The nasal mucosa was anaesthetized and the 
probe advanced into the hypopharynx. The 
patient was then asked to swallow the probe until 
pH 1 or 2 was obtained, indicating that the probe 
had reached the stomach. It was then withdrawn 
approximately 5-6 cm to obtain a stable pH of 
between 5 and 7 and the probe was considered to 
be in the lower oesophagus [5, 6]. The probe was 
secured to the nose to avoid any displacement 
during anaesthesia. In one patient, a gastric pH of 
1 or 2 could not be obtained, and the patient was 
excluded. 

An internal clock in the computer allowed the 
program to determine the time at which an event 
took place. The standard program calculated the 
beginning and end of any periods of acid reflux, 
defined as episodes of pH < 4 [6]. The computer 
also recorded the timing of the sequence of events 
during induction of anaesthesia and subsequently 
printed them on the pH record. 

Anaesthesia was induced with patients in the 
supine position. Thiopentone 6 mg kg"! i.v. and 
fentanyl 3 pg kg i.v. were given and increments 
of thiopentone 50 mg i.v. were administered if the 
eye-lash reflex was not abolished. During the 
study, anaesthesia was maintained with 50% 
nitrous oxide in oxygen via a face mask. 

Neuromuscular function was monitored using 
the electromyogram (Relaxograph Monitor 
Datex). When a stable electromyographic res- 
ponse was obtained after injection of thiopentone 
and fentanyl, patients were assigned randomly to 
one of two groups. Patients in group 1 were given 
no priming dose of vecuronium and received 
normal saline 10 mli.v. as placebo. Patients in 
group 2 were given a priming dose of vecuronium 
0.01 mg kg? i.v. The anaesthetist performing the 
manual ventilation was blinded to the treatment. 
The lungs of patients in both groups were 
ventilated manually for 4 min and vecuronium 
0.1 mg kg was given i.v. in both groups; the 
trachea was intubated after 95-100 % depression 
of the elecromyographic response had occurred. 
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For each patient, onset time of effect of vecu- 
ronium was measured. During the period of 
manual ventilation, end-tidal carbon dioxide con- 
centration was monitored and maintained at 
4-5%. 

Results are given as mean (SD). Statistical 
evaluation of variations in pH values for each 
subject during the procedure, and variations 
between the two groups were performed using 
analysis of variance, Student’s t test for unpaired 
data and Chi-square test where appropriate. P < 
0.05 was chosen as significant. 


RESULTS 


There were 16 patients in group 1 (12 male), of 
mean age 51 (14) yr and mean weight 64 (11) kg. 
There were 16 patients in group 2 (13 male), of 
mean age 55 (11) yr and mean weight 68 (12) kg. 
There was no difference between the groups with 
regard to age, weight and sex ratio. 

The time to tracheal intubation was shortened 
significantly when a priming dose was given: 
group 1 = 202 (55) s; group 2=129 (24) 8 
(P < 0.005). 

Lower oesophageal pH varied between 1 and 
6.9. The pH values at the different stages of the 
induction of anaesthesia did not differ between 
the two groups (table I). One patient in each 
group had acid reflux during induction of an- 
aesthesia. The patient in group 1 had an 8-min 
reflux before induction of anaesthesia and a second 
episode starting just before the injection of 
thiopentone and finishing before the injection of 
vecuronium. The pH remained > 4.0 thereafter. 
The patient in group 2 had an episode of reflux 
which commenced with the injection of thio- 
pentone and fentanyl and persisted until after the 
trachea was intubated 8 min later. In neither 
patient was the acid reflux related to the injection 
of vecuronium. 


Tass I. Lower oesophageal pH (mean (sp) [range]) at three 
stages during induction of anaesthesia 


Intubation dose 


Induction of vecuromum Intubation 
Group 1 5.7(1.3) 5.9 (0.5) 5.9 (0.6) 
No priming [1-6.9] [4.2-6.8] [4.2-6.6] 
(n = 16) 
Group 2 5.6 (1.3) 5.6(1.3) 5.6 (1.2) 
Priming {1-6.8] [1.2-6.8] [1.2-6.8] 


(n = 16) 


LOWER OESOPHAGEAL pH 


DISCUSSION 


The lower oesophageal sphincter (LOS) repre- 
sents the major barrier to regurgitation of acid 
gastric contents into the oesophagus. Many drugs 
affect LOS by increasing or decreasing its tone. 

Drugs which decrease LOS tone during in- 
duction of anaesthesia may increase the risk of 
regurgitation of acid from the stomach and of 
subsequent aspiration into the lungs [8, 9]. Little 
is known of the effects of non-depolarizing 
neuromuscular blocking drugs on LOS tone. 
Pancuronium may slightly increase the barrier 
pressure of LOS, probably by acting on a- 
adrenergic receptors [10]. Atracurium has been 
demonstrated to have no effect on LOS pressure 
[10], while vecuronium produces a very small 
increase [7]. These studies were carried out using 
full doses for tracheal intubation, but no in- 
formation is available regarding the use of small 
doses such as those used during priming. 

Our study was not designed to evaluate the 
direct effects of priming doses of vecuronium on 
LOS tone, but was intended to assess the 
occurrence of acid reflux into the lower oesoph- 
agus. One episode of acid reflux was seen in each 
group. These episodes were not related to the use 
of vecuronium. In one patient reflux was related 
to the use of thiopentone and fentanyl, drugs 
which are known to decrease LOS tone [7]. An 
increase in intragastric pressure during mask 
ventilation might also have contributed to the 
occurrence of gastric regurgitation. Thiopentone 
and fentanyl were given before the priming dose 
of vecuronium, as the nerve stimulator is painful 
in awake patients. As both groups of patients were 
given thiopentone and fentanyl, any further 
modification in LOS tone could be attributed to 
the priming dose of vecuronium. As no difference 
was seen between the two groups in the occurrence 
of acid reflux, it may be assumed that the use of 
vecuronium 0.01 mg kg for priming is safe in 
this regard. Given our sample size of 32 patients, 
we may have failed to distinguish a small dif- 
ference between the two groups. The possibility 
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of a type II error does exist and we cannot reject 
the null hypothesis. Nevertheless, our results 
suggest that the use of a priming dose of 
vecuronium 0.01 mg kg does not infiuence the 
likelihood of gastric acid reflux. This dose is 
regarded as optimal for priming [2, 3, 11]. Greater 
doses, such as 0.02 mg kg™!, are not recommended 
and may be responsible for objective and sub- 
jective side effects [3, 11]. 
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END-TIDAL CONCENTRATIONS OF HALOTHANE AND 
ISOFLURANE DURING INDUCTION OF ANAESTHESIA IN 
YOUNG AND ELDERLY PATIENTS 


R. DWYER, J. P. H. FEE AND R. S. J. CLARKE 


SUMMARY 


Twenty-two young (78-32 yr) and 22 healthy 
elderly (60-80 yr) patients received either 
halothane or isoflurane for maintenance of 
anaesthesia during controlled ventilation. End- 
tidal fractional concentrations (FE) of the agents 
were measured for 20 min after their introduction 
into inspired gas and the increase in end-tidal 
concentrations of the two agents was compared 
during induction of anaesthesia using the ratios 
of FE to the inspired fraction (Fi). Fé: Firatios for 
isoflurane were higher than those for halothane 
in both young and elderly patients, confirming 
that equilibration of end-tidal with inspired 
concentration occurs more rapidly with 
isoflurane than with halothane in both age 
groups. FE:Fi ratios for isoflurane became sig- 
nificantly lower in the elderly than in the young 
after 15 min administration of isoflurane. This 
suggests slower induction of anaesthesia in the 
elderly if equipotent concentrations of isoflurane 
are used; the clinical significance of this dif- 
ference is probably small. Mean FE:F1 ratios for 
halothane in elderly patients were similar to 
those in the young throughout induction of 
anaesthesia. 


KEY WORDS 


Anaesthetics volatile: halothane, isoflurane Pharmaco- 
kinetics: uptake. Age factors. 


Elderly patients comprise an increasing 
proportion of the population presenting for sur- 
gery and the vast majority of these will receive a 
volatile agent for anaesthesia. As elderly patients 
are more sensitive to the cardiovascular [1] and 
cerebral [2,3] effects of volatile agents, it is 
important to be able to predict the rate of 
anaesthetic uptake in this group. 


Uptake of volatile agents has been studied 
extensively in young subjects by measuring end- 
tidal concentrations [4]. Ageing causes physio- 
logical changes [5] which may be expected to alter 
the pharmacokinetics of volatile agents, but no 
data are available on the uptake of volatile agents 
in elderly patients. We have studied the uptake of 
volatile agents in healthy elderly patients during 
induction of anaesthesia by measuring end-tidal 
concentrations of the agents. 


PATIENTS AND METHODS 


We studied 48 patients who presented for elective 
orthopaedic surgery. Twenty-four were aged 
18-35 yr and 24 were aged 60-80 yr. All were 
healthy (ASA grade I or II) with no significant 
cardiac or respiratory disease, and none was taking 
drugs which might reduce cardiac output. None 
had been exposed to halothane in the previous 6 
months. All patients gave informed consent and 
approval was obtained from the local University 
Medical Research Ethics Committee. Patients 
were assigned randomly to receive either 
halothane or isoflurane as part of their anaesthetic. 

Patients received diazepam 0.15 mgkg™! by 
mouth 2 h before operation for premedication and 
they were anaesthetized with a sleep dose of 
thiopentone, pancuronium 0.1 mg kg! and 
alfentanil 15 ug kg™t. The lungs were ventilated 
manually using 100% oxygen and the trachea was 
intubated using a tracheal tube with a gas 
sampling lumen (Portex). After intubation, in- 
termittent positive pressure ventilation was 
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continued with 100% oxygen using a Northwick 
Park ventilator with a non-rebreathing circuit. 
Ventilation and tidal volume were adjusted during 
the period of study to maintain end-tidal carbon 
dioxide concentration at 4.7 kPa and the rate of 
ventilation at 8 b.p.m. 

After automatic ventilation was begun, the 
assigned volatile agent was added to the inspired 
gases in a concentration of 1% for isoflurane or 
0.8% for halothane (measured by infra-red 
vapour analyser). These inspired concentrations 
were chosen to prevent d4wareness without causing 
excessive cardiovascular depression. 

Patients were monitored continuously by elec- 
trocardiogram and automatic indirect arterial 
pressure monitor (Dinamap). End-tidal carbon 
dioxide was measured by infra-red carbon dioxide 
analyser (Hewlett-Packard 47210A). Measure- 
ments continued for 20 min after introduction of 
the volatile agent. Surgery was postponed until 
after the period of study to maintain cardio- 
vascular stability and because of the risk of 
awareness, because nitrous oxide was not being 
used. 

Tracheal gas was sampled continuously at a rate 
of 200 ml min™! via the gas sampling lumen of the 
tracheal tube and the concentration of volatile 
agent was measured using a Datex Normac infra- 
red vapour analyser (which measures absorption 
of infra-red radiation of wavelength 3.3 um with 
different amplification for various volatile agents). 
The response time is adequate to detect the end- 
tidal plateau in volatile agent concentration at 
rates of ventilation up to 15 b.p.m. and it is 


accurate in clinical concentrations [6]. The 
analyser was calibrated with Freon 22 before use. 

The tracheal concentration of volatile agent was 
recorded on a Hewlett-Packard 7754B recorder. 
This gave a pattern of alternating peaks and 
troughs corresponding to the inspired (F1) and 
end-tidal fractional concentrations (FE) of volatile 
agent. The heights of FI and FE above the baseline 
were measured by an observer who was blinded to 
the group and the ratio FE: Fır calculated. Rates of 
equilibration of end-tidal with inspired concen- 
tration in the four groups were compared by 
comparing mean FE:FI ratios at various times 
during study period. 

Kruskal-Wallis analysis of variance was used 
for statistical analysis as data were not distributed 
normally. The Mann-Whitney U test was used as 
indicated. P < 0.05 was considered significant. 


RESULTS 


The patients were studied in four groups (table 
I): YH = young patients who received halothane; 
YI = young patients who received isoflurane; 
EH = elderly patients who received halothane; 
EI = elderly patients who received isoflurane. 

Four patients (two young and two old) who 
received halothane were excluded from analysis 
because the vaporizer used initially was faulty. 
Thus there’ were 10 patients in each of the 
halothane groups. 

Mean ages were similar for the two groups of 
young patients (YH and: YI) and the two groups of 
elderly patients (EH and EI). Patients who 


TABLE I. Mean (SD) age and weight, and sex distribution in the four groups. YH = young patients, halo- 
thane; YI = young patients, isoflurane; EH = elderly patients, halothane; EI = elderly patients, 


isoflurane 
YH YI EH EI 
n 10 12 10 12 
Sex (M/F) 6/4 7/5 5/5 6/6 
Age (yr) 27 (5.1) 26 (5 2) 65 (4 2) 69 (7.1) 
Weight (kg) 77 (13.7) 72 (15.4) 75 (12 3) 69 (10 1) 


TABLE II. Mean (SD) dose of thiopentone admmnistered and minute volume required to matntatn end- 
tidal partial pressure of carbon dioxide at 4.7 kPa. Group abbreviations as m table I 


YH YI EH BI 
Thiopentone 5 7(0.96) 5 5(0.51) 4.5 (0.58) 5 0(1.1) 
(mg kg~*) 
Minute volume 66.4(9 6) 68.3(8.6) 65.1(8.4) 63.8(5.9) 


(ml kg~* min™) 
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0.4 
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Fic. 1. Fg: FI ratios (mean, sp) for halothane (A) and isoflurane (©) during induction of anaesthesia 
in young patients (groups YH and YI). 
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Fic. 2. Fa: Fi ratios (mean, sp) for halothane (A) and isoflurane (©) during induction of anaesthesia 
in elderly patients (groups EH and ED. 


received halothane were slightly heavier than those 
who received isoflurane. As there was no cor- 
relation between body weight and FE:FI ratio at 
20 min (r = 0.051), this difference is unlikely to 
have affected our results. The dose of thiopentone 
(in mg kg) required to induce anaesthesia was 
significantly greater in the younger patients. The 
minute volume/kg required to maintain end-tidal 
carbon dioxide partial pressure at 4.7kPa 


throughout the study was similar in each group 
(table ID. Mean systolic arterial pressure 
decreased during the study period in all four 
groups (table III). There was no significant 
difference between the mean pressures in the four 
groups at any time during the study. 

Fe:F1 ratios for the volatile agents increased 
throughout the study in all four groups. FE: FI 
ratios were significantly higher for isoflurane 
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TABLE III. Mean (SD) systole arterial pressures during the 
study. Group abbreviations as m table I 


Time 
(min) 


YH 


157 (32) 
139 (22) 
129 (15) 
125 (20) 
124 (20) 


FEF 


0.5 


0.3 


0.8 


0.2 


0.7 


0.6 


0.4 


0.2 


0.1 


O# 
O 


YI 


138 (22) 
121 (12) 
119(11) 
117(12) 
114 (10) 


5 
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Fig. 3. Fe: Fi ratios (mean, sD) for isoflurane during induction of anaesthesia in young (©) and elderly 
(A) patients (groups YI and ED). *P < 0.05. 
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Fig. 4, Pg: FY! ratios (mean, sp) for halothane during induction of anaesthesia in young (A) and elderly 


(©) patents (groups YH and EH). 


EH 


136 (29) 
122 (24) 
118 (27) 
114 (27) 
122 (22) 


EI 


152 (29) 
132 (24) 
118 (25) 
114(25) 
114 (26) 


than for halothane throughout the study in both 
young patients (fig. 1) and elderly patients (fig. 2) 
(P < 0.05). 

Comparison of FE: FI ratios in young and old 
patients receiving isoflurane showed a more rapid 
initial increase in the elderly group who had 
significantly higher mean ratios in the first 2 min 
of isoflurane administration. However, after this 
initial period FE: FI increased more slowly in the 
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elderly group and after 15 min of isoflurane 
administration, Fe: FI ratios were significantly 
lower in the elderly group (fig. 3). There was no 
significant difference between mean FE: FI ratios 
for young and elderly patients receiving halothane 


(fig. 4). 
DISCUSSION 


It is important to be able to predict the increase in 
volatile agent concentration in the brain during 
induction of anaesthesia in order to avoid either 
underdosage, with the risk of awareness, or 
overdosage, leading to cardiovascular depression 
and delayed recovery. 

The blood—brain barrrier is freely permeable to 
volatile agents, cerebral blood flow is high and 
brain : blood partition coefficients are low (1.74 for 
isoflurane, 2.03 for halothane [7]); thus partial 
pressures of volatile anaesthetic agents in the 
brain are similar to arterial partial pressures [8], 
which are reflected in turn by end-tidal 
concentrations [9]. Cerebral concentrations of 
volatile agents may be studied, therefore, by 
measuring end-tidal concentrations (FE). 

The factors which affect the increase of FE 
towards the inspired concentration (FI), have 
been investigated extensively in young patients 
and include alveolar ventilation, ventilation— 
perfusion inequality, blood solubility of the agent, 
its solubility in other body tissues, and cardiac 
output [4]. 

It is widely accepted that, under controlled 
ventilation, equilibration of FE with inspired 
concentration occurs more rapidly with isoflurane 
than with halothane because of the lower solu- 
bility of isoflurane in blood [10]. This has been 
demonstrated in children [11], but in adults only 
by comparing data from different studies [12, 13]. 
Our study compared young patients assigned 
randomly to receive either agent and confirmed 
more rapid equilibration of end-tidal with in- 
spired concentrations for isoflurane (fig. 1). In 
elderly patients, equilibration of end-tidal with 
inspired concentrations also occurred more 
rapidly when isoflurane was used (fig. 2) so that, if 
equipotent concentrations of the two agents are 
used, induction of anaesthesia should occur more 
quickly with isoflurane than with halothane. 

Gallagher showed that FE equilibrates more 
rapidly with FI in children than adults, pre- 
sumably because of physiological differences [11]. 
Similarly, old age causes physiological changes 
which may be expected to alter uptake of volatile 
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agents during induction of anaesthesia. Slower 
uptake of isoflurane in the elderly (fig. 3) may be 
caused by increased ventilation—perfusion (V/Q) 
inequality and increased functional residual ca- 
pacity [14], greater solubility of anaesthetics in 
the vessel-rich and muscle groups of tissues [7], 
and increase in fat as a proportion of body mass 
[5]. 

In contrast to isoflurane, there was no 
significant difference “between FE:F1 ratios for 
halothane in old and young patients (fig. 4). A 
possible explanation for this difference might be 
that V/ Q inequality has less effect in reducing 
arterial concentrations of more soluble agents 
[15]. 

The slower change in end-tidal concentrations 
of isoflurane in elderly patients suggests that 
induction of anaesthesia may occur more slowly in 
this age group. However, the magnitude of the 
difference between the groups was small. Mini- 
mum alveolar concentration (MAC) is lower in 
elderly patients [5], so that clinical anaesthesia is 
induced at a lower end-tidal concentration than 
in young patients. Thus the effect of the small 
difference found in uptake of isoflurane is prob- 
ably not of major clinical significance. 
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CHANGES IN ALVEOLAR-ARTERIAL OXYGEN PARTIAL 
PRESSURE DIFFERENCE DURING ORTHOTOPIC LIVER 


TRANSPLANTATION 


K. R. BURCHETT, M. F. SMITH AND G. R. PARK 


SUMMARY 


Changes in the alveolar—arterial oxygen partial 
pressure difference (PAp,—Pao,) were measured 
in 39 patients undergoing orthotopic liver trans- 
plantation without veno—arterial or veno—venous 
bypass. The operation can be divided into an 
initial dissection phase, an anhepatic phase when 
the hepatic artery, portal vein and vena cava are 
clamped, and a post-anhepatic phase after the 
vascular clamps are released. There was an initial 
increase in (PAo,—Pao,) during the dissection 
phase, followed by an immediate decrease when 
the liver was removed. This decrease continued 
throughout the anhepatic period, but a further 
increase in(PAg,— Pao.) occurred after release of 
all the vascular clamps and during abdominal 
closure. 


KEY WORDS 
Oxygen’ (PAg,—Pao,). Surgery: liver transplantation. 


The observation during an orthotopic liver trans- 
plant operation that the arterial oxygen tension 
(Pap,) remained low despite increasing the in- 
spired oxygen concentration (FiIg,) until removal 
of the liver, when a marked increase in Pay. was 
noticed, prompted us to review the anaesthetic 
records of the previous 20 liver transplant opera- 
tions. This suggested an improvement in arterial 
oxygenation during the anhepatic phase. We 
therefore studied prospectively 40 consecutive 
patients undergoing liver transplantation and 
measured the alveolar~arterial oxygen partial 
pressure differences (PAo, — Pao,) at various stages 
during the procedure. 


PATIENTS AND METHODS 


We studied 40 consecutive patients undergoing 
orthotopic liver transplantation. The anaesthetic 


technique used was at the discretion of the 
anaesthetists and consisted of artificial ventilation 
using either air-oxygen and isoflurane or nitrous 
oxide—oxygen with isoflurane, fentanyl, or both. 
Neuromuscular block was maintained by an 
infusion of either atracurium or vecuronium. 

As part of the routine monitoring of these 
patients, arterial blood samples were taken and 
analysed immediately for oxygen (Pap.) and 
carbon dioxide (Pago,) tensions (Corning 178 
pH/blood-gas analyser) at the following stages 
during the procedure: (A) after induction of 
anaesthesia, and before the start of surgery; (B) 
during dissection of the liver; (C) at the beginning 
of the anhepatic phase; (D) at the end of the 
anhepatic phase (after unclamping of the supra- 
hepatic vena cava and the hepatic portal vein); (E) 
after full restoration of inferior vena cava flow and 
(F) during abdominal closure. The inspired 
oxygen concentration (FIo,) was measured con- 
tinuously throughout the operation (Engstrom 
Eliza Duo O,/CO, analyser). The values for Pag, 
and Paco, were corrected for the patient’s core 
temperature at the time of sampling using a 
standard nomogram [1], and the alveolar oxygen 
tension was estimated using the formula PAo. = 
Pig, — (PAco,/R) + (PAcoy-Flo,(1—R)/R). The 
respiratory quotient, R, was assumed to be 0.8, 
and it was assumed that Pago, = Pago,. 

Changes in blood volume and composition were 
minimized by utilizing invasive haemodynamic 
monitoring and measurements of packed cell 
volume at each time point. 

Data were analysed using Students paired t 
test adjusting for the Bonferroni inequality [2]. 
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LIVER TRANSPLANTATION 


TABLE I. Mean (SEM) Flo, Paco, Pao, A = After induction of anaesthesia; B = during the dissection 
phase; C = at the beginning of the anhepanc phase; D = at the end of the anhepatic phase; E = after 
the mferior vena cava is unclamped ; F = on completion of the operation 


A B 


0 42 (0.02) 
3.9(0.13) 
21.4 (1.61) 


0.42 (0.01) 
4.0(0.14) 
18.5 (1.64) 


*t 


15 t 


(PAo2 - Pag. (kPa) 


10 


A B C D E F 


Fic. 1. Mean (SEM) changes in (PAg, ~~ Pag,) liver transplan- 

tation ın 39 patients. A = After induction; B = during liver 

dissection; C = start of anhepatic phase; D = end of an- 

hepatic phase; E = inferior vena cava anastomosis; F = ab- 

dominal closure. Statistically significant differences (P < 
0.01): *B-D and D-F; fE-F. 


Four comparisons were made (A with B, B with D, 
D with F and E with F). All data are presented as 
mean (SEM). 


RESULTS 


Complete records were available for 26 female and 
13 male patients, with a mean age of 33 yr (range 
1—63 yr). There was an initial decrease in Pao, and 
an increase in (PAp,— Pao,) during dissection of 
the patient’s liver (A to B) from 16.0 (1.5) to 19.1 


0.43 (0.02) 
3.8(0.11) 
22.5 (1.53) 


€ D E F 
0.44 (0.01) 

4.8 (0.11) 
24.2 (1.21) 


0.43 (0.01) 
4.5 (0.12) 
23.0 (1.2) 


0.44 (0.01) 
4.4 (0.12) 
20.1 (1.56) 


(1.6) kPa (table I, fig. 1). The increase in 
(PAo, — Pao,) failed to reach statistical significance. 
During the anhepatic phase there was a decrease 
in (PAp,— Pao.) which continued to a nadir at D 
(14.3 (1.6) kPa). After revascularization of the 
donor liver, the alveolar—arterial gradient again 
increased, and this continued through E (15.1 
(1.5) kPa) to abdominal closure at F (19.1 (1.8) 
kPa). The differences between B and D, E and F, 
and D and F were significant (P < 0.01). No 
correlation was found between the changes in 
(PAo, —Pao,) and the anaesthetic technique used. 

Packed cell volume and the amount of fluid 
transfused at each stage are shown in table II. 
Despite the large volumes transfused, there was 
little change in arterial pressure. The haematocrit 
increased during the anhepatic period, because of 
the infusion of blood with a high haematocrit 
from the cell saver system used for autotransfusion 


[3]. 


DISCUSSION 


An increase in (PAo, — Pao) during routine, 
uncomplicated anaesthesia is well recognized, and 
is attributed to a 20% decrease in functional 
residual capacity (FRC) and an increase in 
ventilation/ perfusion (V / Q) mismatch. The re- 
duction in FRC with general anaesthesia occurs 
during artificial and spontaneous ventilation, but 
increasing the FRC following induction of an- 
aesthesia does not reverse abnormal gas exchange. 
Atelectasis occurs in the dependent parts of the 


TABLE II. Mean (SEM) packed cell volume (PCV), systolic arterial pressure (SAP) and volume of flud 

transfused (Fhad). A = After the induction of anaesthesia; B = during the dissection phase; C = at the 

beginning of the anhepatic phase; D = at the end of the anhspatic phase; E = after the inferior vena cava 
1s unclamped ; F = on completion of the operation 





A B C D E F 
PCV (%) 30.9 (1.1) 32.1 (1.1) 36.6 (0.9) 39 (1.0) 33.8 (1.2) 34.5 (1.1) 
SAP (mm Hg) 111.2) 116(3.1) 105 (3.0) 106 (4.5) 111 (4.6) 111 (3.3) 
Fluid (ml) 226 (87) 1420(219)  3345(456) 5339(649) 6278 (739) 10833 (2478) 
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lung, the low compliance of this part and the 
immobility of the adjacent portion of the dia- 
phragm preventing full expansion of the de- 
pendent lung [4]. (PAo, — Pao,) is increased also by 
a reduction in cardiac output, an increase in PAo, 
or a reduction in haemoglobin concentration [5]. 
The increase in (PAo, — Pag,) during the dissection 
phase and towards the end of the procedure 
during abdominal closure may be explained by an 
initial reduction in FRC because of cranial 
displacement of the diaphragm, leading to atel- 
ectasis in the dependent parts of the lungs and 
consequent increase in V/Q mismatch. When the 
liver has been removed (during the anhepatic 
phase) this process may be reversed because the 
reduction in abdominal contents and surgical 
retraction allow freer movement of the dia- 
phragm. These mechanisms result in an increase 
in FRC, or a decrease in atelectasis, or both, in the 
dependent part of the lung, which may account 
for the gradual improvement in the (PAo, — Pap). 
‘These factors would be reversed when the donor 
liver was in place, and may explain the subsequent 
increase in (PAo, ~ Pag,). The reduction in cardiac 
output at the beginning of the anhepatic phase as 
the vena cava is cross clamped [6] may be expected 
to increase (PAp,—Papo,), but the reduction in 
oxygen consumption of some 25% seen on 
removal of the patient’s liver [7] may balance this 
to some extent. If the reduction in oxygen 
consumption results in an increase in the mixed 
venous oxygen content, and if there is a significant 
pulmonary shunt, there should be an increase in 
arterial oxygenation, as the oxygen tension in the 
shunted blood would have increased and have a 
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smaller effect in reducing Pay,. However, it is 
more likely that the reduction in cardiac output 
results in a decrease in mixed venous oxygen 
saturation, albeit less than expected because of the 
decrease in oxygen consumption. The most likely 
explanation for the observed improvement in 
(Pao, — Pao,) is thus an improvement in the V/Q 
ratio secondary to an increased movement of the 
diaphragm. An alternative, but unlikely, explan- 
ation is that the liver is secreting a vasoactive 
substance which 1s affecting the pulmonary vascu- 
lature. 
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MIDAZOLAM ACTS SYNERGISTICALLY WITH FENTANYL 
FOR INDUCTION OF ANAESTHESIA 


I. BEN-SHLOMO, H. ABD-EL-KHALIM, J. EZRY, S. ZOHAR AND 


M. TVERSKOY 


SUMMARY 


The induction dose-response of midazolam was 
compared with the dose-response of its com- 
bination with fentanyl and with that of fentanyl 
alone in three groups of 60 unpremedicated, 
ASA physical status I or [1 women undergoing 
minor gynaecological surgery. The end-point of 
induction of anaesthesia was inability to open 
eyes upon command. Dose-response curves 
were determined for each group with a probit 
procedure and compared with an isobolographic 
analysis. Midazolam was found to act in syn- 
ergism with fentanyl! for induction of anaesthesia. 
Twenty-five percent of the ED; of fentanyl was 
required in combination with 23% of the ED s for 
midazolam to achieve the EDs, of the com- 
bination. This degree of synergism may explain 
mutual potentiation between opioids and benzo- 
diazepines reported previously. 
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Combinations of benzodiazepines and opioids are 
used for induction of anaesthesia and sedation. 
However, life threatening complications have 
been reported, indicating the importance of 
understanding the nature of their interaction. 
Although mutual potentiation of effects by specific 
drugs from these two groups was reported in 
several studies [1—6], none has attempted to define 
if this represents synergism or additivity. 

The present study was designed to examine the 
specific interaction for induction of anaesthesia 
between midazolam and fentanyl. 


PATIENTS AND METHODS 


Following informed consent, we studied 180 
women (age 20-50 yr, ASA I or IT) admitted ‘for 
minor gynaecological procedures. The Institu- 
tional Review Board approved the study design. 

Dose regimens used for the study are shown in 
table I. Drugs were injected in a constant volume 
of 10 ml over 15-20 s. Two separate injections 
were administered at an interval of 1 min and the 
end-point of response to verbal command (open 
your eyes!) was evaluated 3 min after the first 
injection. In the combination group, midazolam 
was injected first, and in the other two groups 
saline was used as placebo. The drugs were 
labelled only as first and second, so that the 
administering physician was unaware of their 
nature. However, studies of the single-drug 
groups were concluded first, so that the doses for 
the combination could be planned. 


TABLE I. Doses of midazolam, fentanyl, or a combination of 
the two, given to groups of 10 patients each tn the study 


Combination 

Midazolam Fentanyl Midazolam + Fentanyl 
(mg kg~*) (ug kg) (mg kg) (ug kg) 

0.07 5.0 0.02 4-1.9 

0.10 6.0 0.03 + 1.9 

0.13 7.0 0.04+ 1.9 

0.19 7.5 0.06 + 1.9 

0.26 8.0 0.08 + 1.9 

0.37 8.5 0.10+ 1.9 
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The percentage of patients in each dose group 
unable to open the eyes was converted into a 
probit value and plotted against a logarithmic 
value for the respective dose. Dose-response 
curves were determined with the use of probit 
analysis [7]. 

To define the type of interaction between 
midazolam and fentanyl, the three calculated ED,, 
values were plotted as an isobologram [8]. Single- 
drug ED,, points were placed on the dose co- 
ordinates, the combined ED,, point in the dose 
field then representing the doses of each drug that 
were contained in the ED,, of the combination. 

A straight line joining the single-drug ED,, 
points is termed the “additivity line” and de- 
viation of the ED,, of a combination to its left 
indicates synergism. This deviation is measured 
perpendicular to the additivity line. The standard 
error of this distance was computed by the method 
of propagation of error [9]. Error estimates from 
the combined ED,, point, in addition to single- 
drug ED,, points, were used. An approximate t 
test used to test the assumption of additivity was 
obtained as the ratio of measured distance to its 
standard error [10]. 


RESULTS 


The groups were comparable with respect to age 
and weight. The ED,, calculated from the fen- 
tanyl dose-response curve (fig. 1) was 7.7 ug kg 
(95% confidence limits 7.5-8.0 ug kg). The 
dose-response curve of midazolam was displaced 
to the left by combination of midazolam with 
fentanyl 1.9 ug ke (25 % of the calculated ED,,) 


Effect (X patients) 
88835 33 









4 8 9 


5 6 7 

Fentanyl (ugkg™) 

Fie. 1. Fentanyl quantal dose-response curve for induction 

of anaesthesia. Each point represents a subgroup of 10 
patients at the indicated dosage. 
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Fic. 2. Midazolam quantal dose-response curves for induc- 

tion of anaesthesia with the addition of fentanyl 0.019 mg 

kg"! (M + F) or saline (M + S). Each point represents a sub- 
group of 10 patients at the indicated dosage. 


(fig. 2). ED, values were 0.19 mg kg“? (0.17-0.22) 
and 0.044 mg kg! (0.037—0.051) for midazolam 
alone and in combination, respectively. 

The difference between the slopes was not 
significant by this method of analysis. However, 
the midazolam-fentanyl isobologram for ED;o 
doses (fig. 3) reveals that the combined ED,, point 
deviates to the left of the additivity line, indicating 
synergism (P < 0.001). Comparing the sum of 
fractional doses given of each drug alone with that 
given in the combination further demonstrates 
this synergism. ‘Twenty-three percent of midaz- 
olam ED; combined with 25% of fentanyl ED,, 
(48 % of ED, were included in the ED,, of the 
combination (calculated degree of synergism = 
2.1): 


Fentanyl (gkg) 





0.10 
Midazolam (mgkg?) 


Fic. 3. ED, isobologram for the anaesthetic interaction of 
midazolam and fentanyl. The dashed line connects the ED,, 
values of each drug. See text for details. 
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DISCUSSION 


Fentanyl is used in anaesthesia mainly for its 
pronounced analgesic effect. Stanley and Webster 
[11] used fentanyl alone to achieve anaesthesia in 
all patients (the end-point was inability to open 
the eyes) and found that the average dose required 
was 11+3 ug kg. Although derived by a different 
methodology, our dose-response curve agrees 
with this value. ED; value for midazolam calcu- 
lated in this study (0.19 mg kg“) is within the 
range of values described for this drug for the 
same end point [12, 13]. 

In a previous study we found that midazolam 
and morphine acted additively for sedation [14]. 
However, several studies report potentiation be- 
tween opioids and benzodiazepines [15-17], lead- 
ing in some cases to life-threatening complications 
such as respiratory and cardiac arrest [18]. The 
current study supports these qualitative reports 
and provides an estimation of the degree of 
synergism. We have no explanation for the 
different nature of the interactions between 
midazolam—morphine and midazolam—fentanyl. 
The difference between the two opioids may be 
attributable either to the differing end-points 
(anaesthesia vs sedation), or to their different 
structures, as differences in the degree of syn- 
ergism between midazolam and agents from other 
groups are known to exist, for example with 
barbiturates [19, 20]. 
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SEDATION DURING SPINAL ANAESTHESIA: COMPARISON 
OF PROPOFOL AND MIDAZOLAM 


E. WILSON, A. DAVID, N. MACKENZIE AND I. S. GRANT 


SUMMARY 


Propofol and midazolam were compared in 40 
patients undergoing orthopaedic surgery under 
spinal anaesthesia. An infusion of either 1% 
propofol or 0.1% midazolam was given at a rate 
adjusted to maintain a similar level of sedation. 
The mean time to reach this required level was 
similar in both groups. Quality and ease of 
control of sedation were goad in all patients. A 
mean infusion rate of 3.63mgkg"'h-' was 
required for propofol and 0.26 mg kg h for 
midazolam. Immediate recovery, as judged by 
ability to open eyes and recall date of birth, 
was significantly more rapid following propofol 
(P <.0.0007). Similarly, restoration of higher 
mental function was significantly faster follow- 
ing propofol, measured by choice reaction time 
and critical flicker fusion threshold. Amnesia for 
the immediate postoperative period was signifi- 
cantly greater after midazolam {P = 0.0007). 


KEY WORDS 


Anaesthetics iv: propofol Hypnotics benzodiazepine: 
midazolam. Anaesthetic techniques sedation, spinal 


Previous work has shown that propofol is a good 
agent for use by infusion to provide sedation as an 
adjunct to regional anaesthesia [1]. It is metabo- 
lized rapidly, with little evidence of cumulation 
and recovery is rapid, with minimal side effects. 

This study was designed to compare infusions 
of propofol and midazolam in the provision of 
sedation for spinal anaesthesia. 


PATIENTS AND METHODS 


We studied 40 patients of ASA grade I or II, aged 
at least 16 yr, scheduled for orthopaedic surgery 
under spinal anaesthesia. Patients were assigned 


randomly to receive i.v. sedation by a continuous 
infusion of 1% propofol or 0.1% midazolam. 

Informed consent was obtained from each 
patient and the study was approved by the 
Hospital Ethics Committee. 

Before operation each patient was instructed in 
the use of the Leeds Psychomotor Tester. This 
apparatus allows measurement of Critical Flicker 
Fusion Threshold (CFFT) and Choice Reaction 
Time (CRT). These assesssments give accurate 
and reproducible information on the effects of 
psychoactive drugs on normal central nervous 
system function [2, 3]. 

For CRT measurement, the subject scans an 
array of six small lights which are randomly 
illuminated. As soon as the subject detects the 
light he extinguishes it by touching the ap- 
propriate button. The latency of this response 
provides an assessment of the integrity of sensory— 
motor function. The CFFT is an.index of CNS 
arousal and of the subject’s ability to integrate 
discrete units of sensory data:;For determination 
of CFFT, four light-emitting diodes are arranged 
l m from the subjects eyes. The frequency of 
flicker is increased from 10Hz to 50 Hz and 
decreased in a similar fashion, the point at which 
the subject detects either flicker or fusion being 
recorded. 

Each patient was made familiar with the 
apparatus and then had 50 practice attempts with 
the CRT component before preoperative baseline 
CFFT and CRT scores were recorded. These 
practice attempts are recommended by the de- 
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COMPARISON OF PROPOFOL AND MIDAZOLAM 


signers to preclude possible learning effects from 
interfering with the assessments. The CRT was 
taken as a mean of 25 response times following 
five practice attempts at each assessment and the 
CFFT as a mean of six results, three each on the 
ascending and descending frequency scales. For 
every subject, care was taken to ensure correct 
positioning of the apparatus and a constant level 
of ambient lighting. 

All patients were premedicated with tema- 
zepam 10-20 mg orally, according to bodyweight 
and age, 1-2 h before the procedure. On arrival of 
the patient in the anaesthetic room, baseline heart 
rate and arterial pressure were recorded and an 
i.v. infusion of Hartmann’s solution was com- 
menced via a peripheral vein in the dorsum of the 
hand. An infusion of 1% propofol or 0.1% 
midazolam was started via syringe pump into the 
i.v. cannula. Spinal anaesthesia was produced by 
an intrathecal injection of plain 0.75% bupi- 
vacaine 2.5~-3.0 ml via a 25-gauge spinal needle. 

As in a previous open study, the propofol 
infusion was commenced at 6 mg kg! h™ and 
reduced to 4mgkg?th™ after 10min. The 
midazolam infusion was started at 0.5 mg kg! h~? 
and reduced to approximately 0.2 mg kg? h-t 
when the patient began to feel drowsy. Thereafter, 
the infusion rates were adjusted to maintain an 
appropriate level of sedation (level 4) on a five- 
point sedation scale (table I). 

The times to reach each level of sedation were 
noted. Conscious level, heart rate and arterial 
pressure were noted at 5-min intervals for the first 
30 min and at 10-min intervals thereafter. All 
patients breathed oxygen 4 litre min™ through a 
Hudson mask and no other anaesthetic or an- 
algesic drugs were given. I.v. fluids were given as 
Hartmann’s solution or blood as indicated clinic- 
ally. The sedative infusion was discontinued 
10 min before the anticipated end of the pro- 
cedure. 

The overall quality and ease of control of 


TABLE I. Sedation scores 


Score Degree of sedation 

Fully awake and orientated 

Drowsy 

Eyes closed but rousable to command 

Eyes closed but rousable to mild 
physical stimulation (earlobe rug) 

Eyes closed but unrousable to mild 
physical stimulation 


mm WW O e 
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sedation were graded by the anaesthetist. The 
presence of any side effects was noted, particularly 
in relation to respiratory or airway problems and 
to excitatory phenomena. 

The times taken from the end of the infusion 
for the patients to open their eyes on command 
and to give their correct date of birth were noted. 
All these assessments were carried out in theatre 
by the anaesthetist, who obviously could not be 
blinded to the drugs being administered. How- 
ever, recovery was assessed further by psycho- 
metric testing performed at 30, 60, 90, 120, 180 
and 240 min after the end of the infusion by an 
independent investigator who was unaware of the 
sedative agent used. Patients whose spinal an- 
aesthesia had worn off and who had received 
further analgesia were excluded from subsequent 
assessments. The patients were questioned at 4h 
for perioperative recall. This included arrival in 
the anaesthetic room, the lumbar puncture, 
intraoperative awareness and of being shown two 
simple pictures 10 and 20 min after awakening. 
The presence of any postoperative side effects was 
noted. 

The results were analysed statistically using 
Students t test and Chi-square tests where 
appropriate. 


RESULTS 


‘There were no significant differences between the 
groups with respect to patient age, weight or sex 
(table II). 

The mean duration.of the procedure was similar 
in the propofol and midazolam groups: 77 and 
72 min, respectively. The mean duration of in- 
fusion was also comparable in each group: 
106 min for propofol and 93 min for midazolam. 
In both groups the mean time to reach the required 
level of sedation was approximately 24 min. 
There were no significant differences between the 
groups in the intervals from the start of the 
infusion to injection of the spinal anaesthetic and 
to skin incision. The overall mean infusion rate 
was 3.6 mg kg 74h for propofol (range 2.44.5) 
and 0.26mgkg ih?! for midazolam (range 
0.14-0.43). The steady state infusion rates were 
2.84 mg kg! h-t for propofol and 0.15 mg kg h~! 
for midazolam. 

Quality and ease of control of sedation were 
good in both groups. Airway maintenance was 
excellent in all patients, with no evidence of 
coughing, laryngospasm, ventilatory obstruction 
or apnoea. The frequency of side effects during 
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Tass II. Patient and mfusion data (mean (SEM)) 





Age (yr) 
Weight (kg) 
Sex (M/F) 
Duration of procedure (min) 
Duration of infusion (min) 
Start infusion to: 

Spinal (mun) 

Incision (min) 

Level 4 sedation (min) 
Infusion rate (mg kg h-i) 
Steady state infusion (mg kg! h~t) 


the infusion was low in both groups. One patient 
in each group had restlessness of the arms which 
required no action. Two other patients in the 
propofol group had complaints related to the 
infusion, one of coldness in the arm and the other 
of a slight burning pain in the arm. These settled 
within 5 min of the infusion commencing. 
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Fic. 1. Mean (SEM) heart rate, systolic and diastolic pressures 
during infusion of sedative. @ = Midazolam; A = propofol. 


Propofol Midazolam 
(n = 20) (n = 20) 

57 2 (4.18) 51 1 (4 48) 
73 4(2 94) 68.1 (3.03) 
9/11 7/13 
76.5 (7.71) 72 4 (8.26) 

106.0 (9 22) 93 4(8 46) 
78 (0 73) 7.4 (0 56) 
37.0 (2 77) 30.1 (1.35) 
23.7 (2.22) 24.8 (2.54) 
3.63 (0 151) 0.26 (0.023) 
2.84 (0 216) 0.15 (0 020) 


There was a slight decrease in heart rate in both 
groups, of approximately 5 beat min™ during the 
first 1 h of the infusion. There were no significant 
differences between the agents with respect to 
systolic and diastolic pressures, there being a 
slight reduction in both variables of the order of 
15% over the first 1 h (fig. 1). 

The mean interval from the end of the infusion 
until patients opened the eyes and gave the 
correct date of birth was significantly shorter with 
propofol than with midazolam: 2 and 10 min, 
respectively (table III). The frequency of side 
effects in the postoperative period was low, with 
only one case of nausea or vomiting in each group. 
In both cases this occurred when the spinal 
anaesthesia had worn off. Patient recall of the 
perioperative period was also noted. Most patients 
remembered arrival in the anaesthetic room (19 
propofol, 17 midazolam). Twelve of the propofol 
group remembered injection of the spinal an- 
aesthetic, compared with nine in the midazolam 
group. Two patients in each group had some 
intraoperative awareness consisting of back- 
ground theatre noise, but none found this dis- 
tressing. Postoperative amnesia was significantly 
greater after midazolam. No patient had recall of 
pictures shown to them 10 and 20min after 
awakening, compared with 12 and 13 patients, 
respectively in the propofol group. 

All patients in the propofol group were satisfied 
with their anaesthetic and would choose the same 
technique again. Two patients in the midazolam 
group would prefer an alternative technique in the 
future, one because of postoperative nausea and 
vomiting. 

Six patients who received midazolam were too 
sedated 30 min after operation to co-operate with 
psychometric testing, and in four this persisted 
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TABLE III. Recovery times (mean (SEM)), postoperatrve sequelae and perioperative recall 
(No. of patients). ***P < 0.0001; ttt P = 0.0001 








Propofol Midazolam 

End infusion to eyes open (min) 23 (019) 9:2 (1.5)*** 
End infusion to repeat date of birth (min) 2.7 (0.25) 10.5 (1.16)*** 
Side effects during recovery l 1 
Instances of recall: 

Arrival in anaesthetic room 19 17 

Insertion of spinal 12 9 

Operative procedure 2 2 
Picture shown 10 min after infusion 12 Ottt 
Picture shown 20 min after infusion 13 Ottt 
Would choose same technique again 20 18 


for 1 h. In contrast, all patients in the propofol 
group were able to co-operate fully with testing. 
Some slight impairment of CRT at 30 min was 
seen following propofol, reverting to normal by 
1 h. With midazolam, however, significant impair- 
ment of CRT persisted for 3h (fig. 2). With 
respect to the more sensitive CFFT, significant 
impairment was seen for 90 min with propofol 
and 2h with midazolam (fig. 3). 


DISCUSSION 


We have shown that both propofol and midazolam 
by infusion produced excellent and easily con- 
trollable sedation as an adjunct to spinal block. 
Onset of sedation was smooth and depth was 
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controlled easily. The frequency of side effects 
was low in both groups, both during operation 
and in the recovery period. However, recovery, as 
judged by immediate return of consciousness and 
orientation and by performance in psychometric 
testing, was significantly faster with propofol. 
Early postoperative amnesia was significantly 
greater with midazolam. 

The infusion rates selected for this study were 
chosen to provide a deep level of sedation with 
definite end-points to allow comparison of the two 
agents. This level guaranteed hypnosis, but 
patients remained rousable readily with mild 
physical stimulation. Lighter levels of sedation 
may be deemed appropriate in many instances, 
particularly for less invasive surgery. Even at our 


Time (min) 


Fig. 2. Mean changes from pre-test baseline CRT. n = 20 unless otherwise stated. @ = Midazolam; 
A = propofol. * P < 0.05; tP < 0.005. 
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Fic. 3 Mean changes from pre-test baseline CFFT. n = 20 unless otherwise stated. @ = Midazolam; 
A = propofol. * P < 005; TP < 0.005. 


chosen depth of sedation, however, two patients 
in each group reported some awareness during 
operation and there was no significant cardio- 
respiratory depression. 

In a recent study using a similar level of 
sedation, Negus and White [4] found broadly 
equivalent drug requirements for both agents; 
there was rapid recovery and relative freedom 
from side effects following propofol. 

Low dose infusion of propofol appears to avoid 
the cardiorespiratory depressant effects of higher 
doses of the agent. Indeed, a recently published 
animal study suggests that the ideal clinical use of 
propofol may be to supplement regional an- 
aesthesia, rather than as a component of general 
anaesthesia [5]. 

Another attractive feature of propofol is the 
ease of conversion from sedation to general 
anaesthesia, should the surgery extend outwith 
the analgesic field of the regional block, simply by 
increasing the rate of infusion [1] and supple- 
menting with an appropriate analgesic such as 
nitrous oxide or alfentanil. 

This study shows that both propofol and 
midazolam by i.v. infusion provide highly 
satisfactory sedation as an adjunct to spinal 
anaesthesia. Recovery is significantly faster 
following propofol, with regard to both return 


of consciousness and restoration of higher mental 
function. This may be of significant benefit in 
certain patients, for example those with pul- 
monary disease to allow early co-operation with 
chest physiotherapy or in diabetes where early 
return to normal diet is desirable. 
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ADDITIONAL SUBCUTANEOUS ADMINISTRATION OF 
FLUMAZENIL DOES NOT SHORTEN RECOVERY TIME 


AFTER MIDAZOLAM 


T. J. LUGER, R. F. MORAWETZ AND G. MITTERSCHIFFTHALER 


SUMMARY 


We assessed the efficacy of subcutaneous ad- 
ministration of flumazenil (Anexate, Roche), a 
specific benzodiazepine antagonist, in pre- 
venting resedation after initial reversal of mid- 
azolam sedation in 30 patients (ASA I-Il) under- 
going gynaecological surgery. In the post- 
operative period, the patients received flumazenil 
iv. and placebo s.c. (group A), flumazenil i.v. 
and flumazenil s.c. (group B), or placebo i.v. and 
placebo s.c. (contro! group) in a randomized, 
double-blind procedure. Flumazenil (group A: 
0.47 (SD 0.72) mg i.v., group B: 0.48 (0.06) 
mg i.v.) was significantly more effective than 
placebo in antagonizing the sedative effects of 
midazolam, but was accompanied by rebound 
sedation after 90 min. Additional s.c. administra- 
tion of flumazenil 0.1 mg (group B) did not 
eliminate resedation. Undesirable side effects 
include nausea and vomiting. Local tolerance of 
the subcutaneous administration of flumazenil 
was good. 


KEY WORDS 


Hypnotics benzodiazepine.midazolam. Antagonists benzo- 
diazepine.flumazenil. Recovery. 


Benzodiazepines are used frequently for pre- 
medication, induction and maintenance of general 
anaesthesia and for sedation in intensive care. 
Flumazenil, a specific benzodiazepine receptor 
antagonist, reverses the sedative effects of benzo- 
diazepines by competing for benzodiazepine re- 
ceptors [1—4]. Common side effects include nausea 
and vomiting. In addition, intrinsic agonist effects 
have been demonstrated [2, 5—7]. 

After the administration of flumazenil to antag- 
onize midazolam-induced anaesthesia, no resed- 


ation was encountered in two reports [8, 9]. In the 
majority of studies, however, resedation was 
described [10-12]. In a clinical environment, 
where antagonism of the benzodiazepine effect is 
essential, a continuous i.v. infusion or multiple 
i.v. injections of flumazenil [13, 14] would be 
necessary to avoid resedation. As this strategy 
would require prolonged continuous monitoring 
it may be impractical. This study was performed 
to investigate if subcutaneous administration of 
flumazenil, analogous to the practice with nal- 
oxone [15, 16], would avoid resedation. 


PATIENTS AND METHODS 


A randomized, double-blind design accepted by 
the Hospital Ethics Committee was used. In- 
formed consent was obtained from each of 30 
patients scheduled for gynaecological surgery 
(cervical dilatation and fractional curettage or 
conization) who were assigned randomly to three 
groups: flumazenil i.v. and placebo s.c. (group A); 
flumazenil i.v. and flumazenil s.c. (group B); 
placebo i.v. and placebo s.c. (control group). 
Patients with known benzodiazepine abuse, neuro- 
logical disease or hepatic or renal insufficiency 
were excluded. 

The study medication was provided in identical 
syringes: 8 ml for i.v. injection and 1 ml for s.c. 
injection. 

Sedation, temporo—spatial orientation, co-op- 
eration and comprehension were evaluated on the 
morning before premedication (baseline) and after 
surgery before the injection of the study medi- 
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cation. Additional testing was conducted 5, 30, 
60, 90, 120, 150 and 180 min after injection of the 
study medication. The degree of sedation was 
rated on a scale from 0 to 4 (0 = fully awake; 1 = 
awake and relaxed; 2 = drowsy; 3 = asleep, but 
arousable; 4 = asleep, not arousable) [17]. Com- 
prehension and co-operation were tested by 
requesting the patient to remove the oropharyn- 
geal tube, raise her head or move her hands. The 
scaling ranged from 0 to 2 (0 = order executed on 
command; 1 = order executed on imitation; 2 = 
order not executed) [17]. Temporo-spatial orien- 
tation (0 = orientated in both modalities, 1 = 
orientated in one of the two modalities, 2 = totally 
disorientated) was determined by asking the 
patient about time (week, day) and location [17]. 

In addition, all side effects were registered and 
the request for analgesics (pentazocine 15-30 mg 
1.V.), antiemetics (metoclopramide 5-10 mg i.v.), 
or both was recorded. Local tolerance to s8.c. 
flumazenil was assessed by visual inspection of the 
skin and the patients’ reports of itching. 

For psychometric testing, the multiple choice 
reaction time test (CRT) developed by Schoppe 
and Schuhfried was performed [18]. On the 
morning of the day of surgery all patients were 
instructed in the use of the test. The patient has to 
respond to the illumination of one coloured light 
out of five by pressing the corresponding coloured 


button. In addition, the patient has to differentiate ` 


between a high and a low frequency acoustic 
signal by depressing the appropriate button. The 
entire test series is composed of 50 randomized 
visual and acoustic signals delivered every 3s. 
Patients exceeding this time limit were deemed to 
have taken 3 s. A record of the speed and accuracy 
of the responses is stored online and analysed 
later. The measurement variables were the choice 
reaction time and the number of errors. 

After a training period of approximately 30 min 
a CRT test and errors score were recorded 
(baseline). The CRT was performed 5, 60, 120 
and 180 min after injection of the test drug. 

After initial testing, all patients received mid- 
azolam 0.1 mg kg and atropine 0.5 mg i.m. for 
premedication. A cannula was inserted into a 
peripheral vein and an infusion of Ringer-lactate 
solution was started. One hour later, on the 
patient’s arrival in the operating room, anaesthesia 
was induced with fentanyl 0.1 mg and midazolam 
0.15 mg kg"! and maintained with 66% nitrous 
oxide in oxygen 0.5—1.2vol. % halothane. As- 
sisted ventilation was performed by mask. Two 
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patients of the control group and one patient in 
each treatment group received an additional 
0.25 mg atropine i.v. to counteract bradycardia 
after induction of anaesthesia. 

Halothane and nitrous oxide were discontinued 
after the completion of surgery and the patient 
was transferred to the recovery room. The 
duration of anaesthesia was standardized at 
exactly 30 min in all patients. Forty minutes after 
administration of midazolam (i.e. 10 min after the 
end of halothane inhalation) the test drug was 
given. Three millilitre of a solution containing 
either flumazenil 0.3 mg or placebo was admin- 
istered i.v. in addition to an additional single dose 
s.c. Of 1 ml (flumazenil 0.1 mg or placebo). One 
millilitre of the study medication was given i.v. 
every 60s until the patient was awake or the 
dosage limit of a maximum of 8 ml was reached. 

Haemodynamic variables were monitored 
throughout anaesthesia by automated oscillo- 
tonometry (Dinamap) and ECG. 

The results of sedation, orientation in time and 
space, co-operation and comprehension are pre- 
sented as median (range). Statistical differences 
between the groups were calculated using Wil- 
coxon signed rank test. Analyses within the same 
group were performed using the Friedman test 
and the Wilcoxon—Wilcox test. The physical 
characteristics and the results of the choice 
reaction time test are presented as mean (SD). 
Statistical differences between the groups were 
calculated using the Wilcoxon rank sum test. 
Values were considered statistically significant if 
P < 0.05. 


RESULTS 


The distribution of age, body weight, total dose of 
midazolam and total dose of flumazenil i.v. and 
s.c. of the three groups are shown in table I. 

The time course of the degree of sedation is 
shown in figure 1. After anaesthesia, all patients 
were asleep. From 5 to 30 min after injection of 
flumazenil (group A+group B), patients were 
significantly less sedated (P < 0.01). Thereafter, 
patients treated with flumazenil (group A -+ group 
B) became more sedated and there was no 
significant difference between the three groups. 
Patients in the control group showed a steadily 
improving level of sedation which was sig- 
nificantly different from before treatment up to 
90 min (P < 0.01). Patients in group A were sig- 
nificantly more sedated at 180 min compared with 
placebo (P < 0.05). 
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TABLE I. Physical characteristics of the patients and total doses of midazolam and flumazenil (mean (SD) 








Group A Group B Control group 
n 10 10 10 
Body weight (kg) 53.8 (5.6) 63 1 (5.5) 65 7 (12.7) 
Age (yr) 34 9 (9.9) 38.9 (11.1) 37.0 (12.6) 
Midazolam total (mg) 13.1 (1 4) 15.8 (1.8) 16.6 (3 2) 
Flumazenil 1.v. (mg) 0 47 (0.12) 0.48 (0.06) — 
Flumazenil s.c. (mg) — 0.1 — 








Group B 


inject 
i + 





Sedation score (0-4) 


“15 30 60 90 
Time from injection (min) 


120 150 180 


Fic. 1. Changes in sedation scores with time in the three 
groups expressed as median values (O) and range (supplied 
area). 


Comparison of the degree of sedation, orien- 
tation, co-operation and comprehension is shown 
in table II. There was no significant difference 
between the two treatment groups. Orientation, 
co-operation and comprehension values did not 
differ before anaesthesia. Before the administra- 
tion of the study drug, patients were unco- 
operative and disorientated in either time or space. 
Five minutes after injection of flumazenil all 
patients (group A and group B) were co-operative 
and orientated. Patients receiving placebo were 
significantly less co-operative and less orientated 


at the same time point, but did not differ from the 
treated group thereafter. 

Five minutes after the administration of either 
flumazenil or placebo, the group receiving active 
medication demonstrated a significantly shorter 
CRT and fewer errors compared with the control 
group. The difference between group B and 
group A was not significant at any time (table IIT). 

The side effects of all groups are listed in table 
IV. Only the frequency of nausea and vomiting 
was higher in the treatment groups: seven of 10 
patients in group A and five of 10 in group B 
complained of nausea or vomiting, but none after 
placebo. In group A six and in group B five 
patients required an antiemetic. 

Two patients in group B described a feeling of 
anxiety and two other patients cried, but did not 
recall unpleasant feelings when interviewed im- 
mediately after recovery. In group A one patient 
cried, but did not describe anxiety or distress 
when asked. None of these side effects occurred 
after injection of placebo. 

The frequency of postoperative pain, headache, 
the need for analgesics and micturition was 
similar in all groups. Local toleration of the s.c. 
administration of flumazenil was good. Itching 
was not observed. 


DISCUSSION 


Our results confirm that flumazenil was effective 
in promptly antagonizing midezolam-induced 
general anaesthesia. Sedation, disorientation and 
co-operation returned to near baseline values 
within 5 min after injection. ‘The mean dose of 
flumazenil used is comparable to previous reports 
[8, 10, 19,20] which ranged from 0.3mg_ to 
0.58 mg. These effects are well documented in the 
literature [8, 21-23]. The CRT test confirmed our 
clinical assessment of a clear difference between 
the treatment groups and placebo. Similar results 
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TABLE Il. Degree of sedation, orientation, co-operanon and comprehension expressed as median (range). 
*P < 0.05; **P < 0.01 compared with placebo 
Fa cag ee a i E ka a cle 


Measurement 





points Group A Group B Control group 
(min) (n = 10) (n = 10) (n = 10) 
Sedation 
Baseline 0 (0-0) 0 (0-0) 0 (0-0) 
Postop. 3 (3-4) 3 (3—4) 4 (3-4) 
5 0 (0-1)** 0 (O-1)** 3 (2-4) 
30 1 (0-3)* 1 (0-2)* 2 (1-3) 
60 1 (0-3) 1 (0-2) 1.5 (0-3) 
90 15 (0-3) 1 (0-3) 15 (0-2) 
120 2 (0-3) 1 (0-3) 1 (0-2) 
150 15 (0-3) 1 (0-2) 1 (0-2) 
180 1 (0-2)* 0 (0-2) 0 (0-2) 
Orientation 
Baseline 0 (0-0) 0 (0-0) 0 (0-0) 
Postop. 2 (1-2) 2 (2-2) 2 (2-2) 
5 0 (0~0)** 0 (0-0)** 2 (1~2) 
30-180 0 (0-0) 0 (0-0) 0 (0-0) 
Co-operation and 
comprehension 
Baseline 0 (0-0) 0 (0-0) 0 (0-0) 
Postop. 2 (1-2) 2 (2~2) 2 (2-2) 
5 0 (0-0)** 0 (0-0)** 1 (1-1) 
30-180 0 (0-0) 0 (0-0) 0 (0-0) 


Tasis III. Choice reaction time score and number of errors (mean (SD)). *P < 0.05 compared with 


placebo 
Measurement 
points Group A Group B Control group 
(min) (n = 10) (n = 10) (n = 10) 
Reaction time 
Baseline 0.98 (0.15) 1 05 (0 21) 0.94 (0.08) 
5 1.57 (0.34)* 1.64 (0.24)* 1.98 (0.43) 
60 1.48 (0.32) 1 40 (0.22) 1.46 (0.38) 
120 1 29 (0 30) 1.33 (0.29) 1 20 (0 26) 
180 116(0 31) 1 26 (0 23) 1.09 (0.16) 
Number of errors 
Baseline 0.4 (0 52) 0.4 (0.70% 0.4 (1.26) 
5 3.9 (6.93)* 5.6 (5 74)* 23 (13.2) 
60 1.5 (1 78) 101.15) 5.2 (8.87) 
120 2.2 (3 61) 1.2 (1.81) 2 0 (2.58) 
180 0.9 (0 99) 1.6 (2 12) 1 3 (2 26) 


have been reported by Raeder and colleagues [24], 
who used a four-choice reaction time test. 

The major undesirable side effects were nausea 
and vomiting. In previous reports the frequency 
of nausea and vomiting ranges from absent or rare 
[10, 23, 25] to 53% [8, 20] in flumazenil-treated 
groups. We found a higher frequency of up to 
70% after flumazenil, but none after placebo. 
This discrepancy may be explained by the rapid 


awakening and the necessary movements of the 
body during the testing procedures. The fre- 
quency of anxiety in our patients was low and was 
probably related to the emotional state of the 
patients [23]. In contrast with Louis and col- 
leagues [22], who found an occurrence of 100%, 
the frequency of discomfort was less in our 
patient population who were young and un- 
impaired by severe medical illness. 
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TABLE IV. Side effects 
Group A Group B Control group 


Complaints 
Nausea 5 2 0 
Vomiting 2 3 0 
Total 7 5 0 
Anxiety 
Discomfort 0 2 0 
Crying I 2 0 
Others 
Postop. pain 7 5 5 
Headache 2 4 2 
Micturition 3 1 1 
Shivering l 0 0 
Dizziness 0 0 1 
Itching 0 0 0 


Sixty to 120 min after administration of fuma- 
zenil our patients became resedated, which is in 
agreement with previous reports [11, 19, 23, 26]. 
In some cases resedation was not seen [8, 9] and 
may have been a result of the short observation 
time or the stimulation of the testing. In our 
study, therefore, we allowed long resting periods 
between the testing cycles. 

Flumazenil is cleared rapidly from the body. It 
has rapid hepatic metabolism (99%) and a short 
half-life of approximately 1 h [13, 27, 28], whereas 
the half-life of midazolam is 1.5-3.5 h [29]. These 
pharmacokinetic differences account probably for 
the limited duration of the antagonism of the 
benzodiazepine effects and subsequent resedation. 

Our attempt to eliminate resedation by ad- 
ditional subcutaneous administration of fluma- 
zenil was not successful. Two possibilities have to 
be considered to explain this observation. First, 
skin blood flow may be poor in the postoperative 
period and, second, the small dose of flumazenil 
0.1 mg s.c. which we used. The sedation score 
after 120 min showed a tendency to be less in 
group B than in group A. This suggests that a 
higher dose of flumazenil s.c. might be effective, 
but would probably result in increased side 
effects. 

It is common clinical practice to use an 
additional i.m. or s.c. injection of naloxone to 
avoid the recurrence of opioid effects [15, 16]. 
Our attempt to shorten recovery time using a 
similar strategy of subcutaneous flumazenil failed. 
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ANTICONVULSANT PROPERTIES OF PROPOFOL AND 
THIOPENTONE: COMPARISON USING TWO TESTS IN 


LABORATORY MICE 


S. LOWSON, J. P. GENT AND C. S. GOODCHILD 


SUMMARY 


Experiments were carried out in mice to assess 
the protection provided by thiopentone (Intraval, 
May and Baker) and propofol (Diprivan, 1.C.1.) 
against epileptiform seizures induced by electro- 
shock and pentylenetetrazol. Intraperitoneal 
administration of propofol 50 mg kg’ and thio- 
pentone 25 mg kg! produced similar peak 
behavioural effects of mild sedation and inco- 
ordination. However, at these doses propofol 
afforded a greater degree of protection against 
pentylenetetrazol than thiopentone and at greater 
doses both propofol and thiopentone caused 
marked protection. Both anaesthetics were effec- 
tive also against electroshock seizures at sedative 
doses. We conclude that propofol has strong 
anticonvulsant properties. 


KEY WORDS 
Anaesthetics 1.v : propofol, thiopentone. Anticonvulsants. 


The anticonvulsant properties of thiopentone are 
well established. However, it is still uncertain if 
propofol has any influence on seizure activity. 
The Committee on Safety of Medicines recently 
issued a warning concerning the possible risk of 
seizures after administration of propofol [1]. Hod- 
kinson, Frith and Mee reported finding epilepti- 
form activity on the electroencephalogram (EEG) 
after propofol was administered to patients under- 
going temporal lobectomy for intractable tem- 
poral epilepsy [2]. In contrast, other studies [3], 
using the cerebral function analysing monitor, 
have not demonstrated an epileptogenic effect of 
propofol. 

As part of the original investigations on pro- 
pofol, Glen and colleagues [4] compared the 


abilities of propofol and thiopentone to protect 
against electroshock-induced seizures in mice. 
Glen found that, whereas thiopentone provided 
protection against seizures, propofol lacked both 
anticonvulsant and proconvulsant properties. 
Other publications [5, 6], have demonstrated that 
seizures during electroconvulsive therapy are of 
shorter duration after induction of anaesthesia 
with propofol compared with methohexitone. 

In view of this controversy surrounding the 
association between propofol and seizures, we 
have investigated the pro/anticonvulsant proper- 
ties of propofol in two models of experimentally 
induced seizures in mice: electroshock and i.v. 
infusion of pentylenetetrazol (PTZ). 


METHODS 


The investigation was conducted on Tuck No. 1 
mice (n = 195; weights 25-38 g) maintained on a 
12-h light-dark cycle with free access to water and 
a standard diet. Handling of mice was kept to a 
minimum. Propofol was administered as the 
aqueous emulsion formulation containing 10% 
soya bean oil (Diprivan, ICI). Control mice for 
the propofol experiments received an equal vol- 
ume of 10% intralipid (Kabi-Vitrum). Thio- 
pentone was diluted in water and controls in these 
experiments received an equal volume of saline. 
Active and control solutions (2.5 ml kg!) were 
administered intraperitoneally (i.p.) using a 25- 
gauge needle. The i.p. route was chosen because 
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the pentylenetetrazol was administered by con- 
tinuous i.v. infusion and the maintenance of two 
patent cannulae in the tail veins of mice proved 
difficult and unreliable. Previous investigations of 
anticonvulsant agents conducted in this laboratory 
have shown the i.p. route to be a reliable method 
of drug administration [7]. All animals were killed 
by a schedule 1 method immediately after a 
seizure had been induced. 


Assessment of behavioural effects 


In preliminary investigations, it was noted that 
the doses of propofol and thiopentone required to 
produce a given behavioural effect and the time 
course of those effects after i.p. injection were 
different. The grade of sedation was therefore 
recorded at the time of peak effect (4.5 min for 
thiopentone and 5.5 min for propofol) during the 
subsequent experiments, which assessed anti- 
convulsant activity on the following scale: 

1 = Mice active and grooming with normal ex- 
ploratory activity. No apparent sedation. 

2 = Decreased co-ordination with dragging of 
hind quarters, still active. 

3 = Staggering with inability to walk along the 
edge of a tray. Easier to handle. 

4 = Severe loss of co-ordination, with tendency to 
slither on the stomach rather than walk. 

5 = All mice unable to walk and slithering. 

6 = Lying immobile, righting reflex lost in 
approximately 50% of the mice. Response to tail 
pinch reduced but present in all animals. 

7 = Righting reflex lost in more than 50% of the 
mice. Response to tail pinch was also markedly 
reduced or lost in approximately 50% of these 
animals. 

Doses which produced the full range of be- 
havioural effects were used to assess anti- 
convulsant activity. The two anticonvulsant tests 
were carried out at the time of peak behavioural 
effect, as recommended by Swinyard [8]. 


Electroshock 


The electroshock test was conducted according 
to the method of Woodbury and Davenport [9], 
with two modifications. Instead of Spiegel corneal 
electrodes, we used platinum ball and clip ear 
electrodes and the current administered was 
15 mA. A 15-mA current of 0.28 duration has 
been established in this laboratory as an optimum 
supramaximal current which produces a 100% 
incidence of extensor-tonic convulsions in un- 
treated mice. In all mice tested with electroshock, 
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the end-point was the hind limb extensor-tonic 
component of the convulsion [8]. Mice were 
tested in groups of 10 for each dose of propofol 
(control and one group at each sedation level 1-7) 
or thiopentone (control and groups at sedation 
levels 1—4 and 6). 


Pentylenetetrazol (PTZ) test 


A continuous i.v. infusion of PTZ was given via 
a tail vein as described previously [7]. Solutions of 
15% and 3.0% pentylenetetrazol in saline were 
given at a rate of 0.3 and 0.15 ml min“, re- 
spectively. The minimum dose of PTZ required 
to elicit a clonic convulsion (the minimum 
convulsant dose (MCD)) was recorded for each 
animal. Mice were tested in groups of five for each 
dose of propofol (control and one group at each 
sedation level 1-5) or thiopentone (control and 
one group at sedation levels 1-4). The group 
mean MCD (SEM) at each dose of propofol and 
thiopentone was calculated. 

Statistical comparisons were performed using 
the Mann-Whitney U test to avoid assumptions 
on the distribution of the data. A value of P < 0.05 
was considered statistically significant. 


Assessment of blood concentrations 


In 37 of the 95 animals which had received 
propofol, blood was withdrawn from the heart 
immediately post mortem and stored for later 
measurement of whole blood propofol concen- 
trations by high pressure liquid chromatography. 


RESULTS 


Behavioural effects 


I.p. administration of both anaesthetics pro- 
duced a quick onset of behavioural effect which 
appeared at approximately 3 min after propofol 
and 2-2.5 min after thiopentone. The maximal 
effect was reached by approximately 4-5 min after 
thiopentone and 5—6 min after propofol. The 
duration of maximal effect was 3-4 min at the 
lowest doses tested. The depth and the duration 
of sedation and the recovery time during pre- 
liminary experiments carried out before anti- 
convulsant testing increased with increasing doses 
of propofol and thiopentone. The behavioural 
effects produced by the doses of propofol and 
thiopentone used in the anticonvulsant tests are 
shown in table I. Thiopentone was approximately 
twice as potent (on a weight basis) as propofol in 
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TABLE I. Sedative effects of propofol and thiopentone at 
different doses, with corresponding blood concentrations for 


propofol 
Blood propofol 
concentration 
(mean (SEM)) Propofol Grade of Thiopentone 
(ug mim?) (mg kg) sedation (mg kg™) 
Nil detected 12.5 1 6.25 
(n = 5) 
Nil detected 25.0 2 12.5 
(n = 5) 
3.83 (0 72) 50.0 3 25.0 
(n = 6) 
6 87 (1.39) 75.0 4 37.5 
(n = 5) 
7.76 (0.58) 100.0 5 
(n = 6) 
16 87 (5.52) 125.0 6 50.0 
(n = 5) 
18 6 (2.35) 150 0 7 
(n = 5) 


producing sedation of each grade. The doses of 
thiopentone used did not produce levels of 
sedation which could be classified as grades 5 or 
7. The dose range of the two drugs which 
produced the range of behavioural effects was 
12.5-150 mg kg for propofol and 6.25-75 mg 
kg- for thiopentone. Neither intralipid nor saline 
produced sedation in control animals. 


Electroshock 


Propofol and thiopentone protected against 
electroshock-induced seizures at doses producing 


10 


No ruce protected 
mn 


Control 1 2 3 
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heavy sedation and marked loss of co-ordination 
(propofol > 50 mg kg}; thiopentone > 25 mg 
kg). At levels of sedation greater than grade 3, 
thiopentone provided greater protection against 
electroshock-induced seizures than did propofol 
(fig. 1). 


Pentylenetetrazol 


At those doses of propofol and thiopentone 
producing loss of the righting reflex (propofol 125 
and 150mg kg`; thiopentone 50 mg kg) the 
maximum dose of PTZ which we could administer 
(15 mg) failed to elicit a seizure (fig. 2). As 
profound protection against chemically induced 
seizures had been demonstrated at these doses, it 
was unnecessary, and also contrary to procedures 
used previously in this laboratory, to increase the 
concentration of PTZ further in order to dem- 
onstrate a convulsive threshold. At doses less than 
those producing loss of the righting reflex (pro- 
pofol < 125 mg kg, thiopentone < 50 mg kg~*), 
both drugs markedly increased the MCD of PTZ 
and even at doses producing minimal! behavioural 
effects (grade 1 sedation), both agents significantly 
increased the MCD of PTZ (P < 0.05). Propofol 
produced an increase in MCD of PTZ which was 
significantly (P < 0.05) greater than that caused 
by thiopentone; this was seen at doses causing 
grades of sedation 2, 3 and 4. 


Assessment of blood concentrations 


The mean blood concentration of propofol 
increased from 3.83 (SEM 0.72) ug ml“! after 50 mg 





4 5 6 7 
Grade of sedation 


Fic. 1. Bar chart showing number of mice protected from electroshock-induced seizures at seven grades 
of sedation caused by 1.p. thiopentone (W) and propofol (C]). Mice were tested in groups of 10; the 
number of mice protected is the number that did not exhibit extensor movements of the hind limbs 
following passage of 15 mA for 0 2s. All DE animals and all those in both groups at sedation levels 


1-3 had such a sei 


; none was protected. 


MCD of PTZ (mgkg™) 





2 3 4 5 
Grade of sedation 


Fic. 2. Bar chart showing the minimum convulsant dose 

(MCD) of penrylenetetrazol for groups of control animals and 

for groups sedated by i.p. thiopentone (W) and propofol (1) 

(scored 1-5). Both anaesthetic drugs produced significant pro- 

tection: against PTZ~-induced seizures at all grades of 

sedation. * Significantly greater protection by propofol com- 
pared with thiopentone (P < 0.05). 


kg? to 18.6 (2.35)ygml? after 150mg 
kg-4—doses which produced sedation levels of 3 
and 7, respectively (table I). There was a highly 
significant correlation (P < 0.001; r = 0.72; n = 
37) between the blood concentration of propofol 
and the dose administered and also the grade of 
sedation (t = 1 Spearman rank correlation co- 
efficient comparing means of blood propofol and 
grade of sedation). 


DISCUSSION 


The ability of an agent to provide protection 
against experimentally induced seizures depends 
on a number of factors: the method of seizure 
induction used, the relationship between the 
mechanisms of action of the convulsant and 
anticonvulsant agents, the concentration of drug 
in the brain at time of testing, the dose admin- 
istered, the route of administration, and the 
pharmacokinetic properties of the agent. I.p. 
administration is a reliable method of admin- 
istering anticonvulsants in this preparation, and 
it was chosen for practical reasons described 
above. In addition, i.p. administration of propofol 
caused graded degrees of sedation which cor- 
related well with the subsequent measurements of 
blood concentrations of the drug. Our experi- 
ments produced a range of blood concentrations 
of propofol of 0.72-35.6 ug mit, which is the 
range found in man to produce sedation and 
anaesthesia [10]. 

Differences in the pharmacokinetics of propofol 
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and thiopentone given i.p. have been demon- 
strated in our study by the observation of a more 
rapid onset and earlier peak effects of thiopentone. 
It is evident that pharmacokinetic differences 
between the two anaesthetic drugs are important 
when their anticonvulsant activities are com- 
pared. In previous experiments, using i.v. admin- 
istration, Glen found that the hypnotic potency 
(mg for mg) of propofol was 1.8 times greater than 
that of thiopentone [11]. This contrasts with our 
own findings with i.p. administration where twice 
as much propofol as thiopentone was required to 
produce equivalent sedation. However, there was 
a more rapid onset to the peak sedative effects of 
thiopentone. It may be that more rapid absorption 
of thiopentone from the peritoneal cavity led to 
higher peak concentrations and the slower ab- 
sorption of propofol from the peritoneal cavity 
into the circulation could allow a substantial 
proportion of the administered dose to be metabo- 
lized. In the mouse, Glen demonstrated a high 
“utilization rate” of propofol (2.22 mg kg min“) 
[11]. To avoid the complications of possible 
pharmacokinetic differences, comparisons of the 
anticonvulsant properties of propofol and thio- 
pentone were made at doses producing equivalent 
behavioural effects. 

Electroshock- and PT’Z-induced seizures are 
recognized screening tests for potential anti- 
convulsant properties of drugs. It is known that 
anticonvulsant drugs do not protect against all 
forms of experimentally induced seizures [8]. 
Results obtained in different tests may correlate 
with clinical effectiveness in man; protection 
against the application of a supramaximal! electro- 
shock predicts activity against grand mal [8] and 
partial seizures [12]. Drugs active against primary 
generalized seizures of the absence type may not 
demonstrate protection against maximal electro- 
shock but are effective against PTZ-induced 
seizures [12]. Used together, these two comp- 
lementary tests detect the anticonvulsant actions 
of all the major antiepileptic drugs in clinical use 
[12]. 

Clinically useful anticonvulsants demonstrate 
differing abilities to protect against various forms 
of experimentally-induced seizures. These differ- 
ences probably reflect the ability of some agents to 
prevent spread of epileptic activity in the CNS 
(detected by electroshock), while other drugs 
increase the threshold of discharge of an epileptic 
focus (detected by sub-maximal/threshold doses 
of chemical convulsants) [8]. In the current 
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investigation, propofol and thiopentone protected 
against electroshock-induced seizures at doses 
which produced heavy sedation and marked 
loss of co-ordination. Statistically significant 
(P < 0.05) increase in the PTZ-induced seizure 
threshold was demonstrated for both agents at 
doses that produced minimal behavioural effects. 
The difference in the relative anticonvulsant 
activity of the anaesthetic agents demonstrated in 
the two tests probably results from the fact that 
our version of the PTZ test measures convulsive 
threshold rather than overall protection. 

It is interesting to compare the values of MCD 
of PTZ obtained using the compounds with those 
produced by benzodiazepines, as the latter are 
particularly effective at antagonizing the con- 
vulsant actions of PTZ [13]. In this laboratory we 
have found that the maximum MCD of PTZ 
which can be produced by diazepam is approxi- 
mately 180mgkg =! (unpublished results)— 
considerably less than the effects of both thio- 
pentone and propofol reported here, although at 
grade 2 sedation, the anticonvulsant effect of 
diazepam is similar to that of propofol and rather 
greater than that of thiopentone. 

The results obtained in this study with electro- 
shock contrast with those of Glen and colleagues 
[4], who demonstrated the anticonvulsant proper- 
ties of thiopentone 40 mg kg7! i.v., but failed to 
show any anticonvulsant activity for propofol 
20 mg kg"! i.v. The electroshock experiment was 
performed 15 min after adminstration of each 
agent. However, Glen [11] showed that mice 
given propofol 26 mg kg™ i.v. had regained their 
righting reflex and co-ordination and were able to 
walk by this time. In contrast, mice given 
thiopentone 40 mg kg™ i.v. did not regain co- 
ordination for approximately 40 min after the 
time of testing, which indicates the persistent 
CNS effects of thiopentone. In the same study, 
Glen demonstrated that the EEG changes pro- 
duced by propofol in rats were similar to those 
produced by rapidly acting barbiturates [11]: 
propofol produced burst suppression at an i.v. 
dose close to its median hypnotic dose, but the 
barbiturates only produced burst suppression at 
doses in excess of twice the median hypnotic dose 
for these agents. 


In conclusion, our investigation has demon- 
strated anticonvulsant properties of propofol 
similar to those of thiopentone. These laboratory 
observations in the mouse support the apparent 
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anti-epileptic activity of propofol in man [3, 5, 6]. 
These results indicate the necessity to re-evaluate 
the evidence for convulsions associated with the 
use of this drug for anaesthesia in man [1]. 
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CLINICAL CONCENTRATIONS OF VERAPAMIL AFFECT 
THE IN VITRO DIAGNOSIS OF SUSCEPTIBILITY TO 


MALIGNANT HYPERPYREXTA 


P. J. ADNET, R. M. KRIVOSIC-HORBER, M. M. ADAMANTIDIS, 
G. HAUDECOEDR, G. H. REYFORT AND B. A. DUPUIS 


SUMMARY 


We examined the effects of verapamil on the 
in vitro caffeine and halothane tests for malignant 
hyperpyrexia (MH) susceptibility. Ten consecu- 
tive MH-susceptible patients were investigated 
according to the protocol of the European MH 
group. Additional tests were carried out in the 
presence of verapamil 10° mol litre-’. In four of 
the 10 patients, the halothane contracture re- 
sponse following pretreatment with verapamil 
was classified as positive to halothane. In 
contrast, in nine of the 10 patients, contracture 
tests of muscle in the presence of verapamil were 
classified as negative to caffeine. It is advised 
that verapamil should be discontinued before 
performing a contracture test. 


KEY WORDS 


Malignant hyperpyrexia Pharmacology: verapamil, halo- 
thane, caffeine. 


The diagnosis of susceptibility to malignant 
hyperpyrexia (MHS) is commonly based upon 
abnormal contracture of susceptible muscle in 
response to halothane and caffeine [1-3]. Various 
drugs such as procaine [4], dantrolene [5] and 
propranolol [6] have been described as interfering 
with the im vitro halothane and caffeine con- 
tracture tests. However, the studies reported with 
verapamil on MHS human muscle have been 
poorly examined. To our knowledge, only one 
study reported that verapamil 8 x 10 mol litre™ 
was effective in blocking halothane-induced con- 
tracture of MHS human muscle [7], but this 
concentration is much higher than that achieved 
clinically [8-11]. Verapamil is used widely in 
patients with cardiovascular disease [12] and some 


of these may undergo elective muscle biopsy for 
diagnosis of MH susceptibility. 

In the present study, we have examined the 
effects of verapamil 10-° mol litre-'—a concen- 
tration which is close to the clinical range—on 
both caffeine- and halothane-induced contrac- 
tures of susceptible human muscle. 


PATIENTS AND METHODS 


Biopsies were obtained from the vastus medialis 
muscle under femoral nerve block anaesthesia 
with lignocaine and dissected carefully in muscle 
strips (approximately 15mm long and 2mm 
diameter). One end was pinned to the silicone 
bottom of the experimental bath which was 
perfused continuously (45 mlmin™') with 
Krebs—Ringer solution of the following com- 
position (mmol litre!): NaCl 118.1; KCl 3.4; 
CaCl, 2.5; MgSO, 0.8; KH,PO, 1.2; NaHCO, 
25; glucose 11.1; pH 7.35 +0.05 and bubbled with 
carbogen (5% carbon dioxide in oxygen). The 
other end of the strip was attached by a thin silk 
thread to a force transducer (Bioscience dyna- 
mometer UF1 and biological amplifier 120). The 
preparations were stimulated directly via silver 
electrodes with rectangular current pulses of 2 ms 
duration and at twice the threshold intensity, 
delivered at a frequency of 0.2 Hz by a stimulator 
CEA-DAM model GP1-GE219. The preparation 
was stretched until the amplitude of muscle 
twitches could not be increased further (2g 
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TESTS FOR MALIGNANT HYPERPYREXIA 


tension approximately) and allowed to stabilize 
during 15 min of isometric relaxation. Baseline 
and twitch tensions were recorded continuously at 
low speed on a Kompensograph C1013 (Siemens). 

Halothane was mixed with carbogen by means 
of a calibrated vaporizer (Fluotec Mark III) in 
concentrations of 0.5, 1, 1.5, 2 and 3 vol % as 
confirmed by gas chromatography. Caffeine was 
added to the Krebs-Ringer solution in increasing 
concentrations of 0.5, 1, 1.5, 2, 3, 4, 8, 16 and 
32 mmol litre. Each concentration of either halo- 
thane or caffeine was maintained for 3 min. 

The study involved 10 patients investigated 
according to the European MH protocol [3]. The 
criteria for MH susceptibility (MHS) are an 
increase in resting muscle tension of at least 0.2 g 
induced by 2 vol % of halothane or less and with 
caffeine 2 mmol litre or less. Halothane and 
caffeine effects were always tested on separate 
strips. In additional muscle strips obtained from 
the same biopsies, verapamil 107° mol litre"? was 
added to the Krebs—Ringer solution 15 min before 
testing with halothane or caffeine according to the 
procedure described above. 

The increase in resting tension and the am- 
plitude of twitch tension were determined. We 
analysed differences between the means of the 
groups for maximum contracture response and 
maximum increase in twitch tension to each 
concentration of halothane and caffeine separately 
using Student’s t test for independent samples. A 
value of P < 0.05 was regarded as significant. 


RESULTS 


The distribution of patients is shown on the 
European MH diagram (fig. 1). A 10-min pre- 
treatment with verapamil 10~* mol litre? reduced 
significantly the halothane-induced contracture 
(P < 0.05). However, in four of the 10 patients, 
the contracture responses following pretreatment 
with verapamil still exceeded 0.2 g and therefore 
could be classified as positive to halothane (fig. 1). 
Verapamil lowered the initial part of the caffeine 
dose-response curve from 0.5 to 2 mmol litre™! (P 
< 0.05) and, in nine of 10 MHS patients, 
contracture tests of muscle in the presence of 
verapamil could be classified as negative to 
caffeine (fig. 1). According to the European MH 
protocol, the 10 MHS patients tested in the 
presence of verapamil can thus be classified as 
four MHE), one MHE(c) and five MHN 
patients. 
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Halothane concn (vol 4%} 





[Caffeine] { mmol itre”) 


Fic. 1. Threshold concentration for each panent (I-X) to halo- 

thane and caffeine ın the absence (@) and presence (©) vera- 

pamil 10~® mol litrre~?. MHS = malignant hyperpyrexia sus- 
ceptible; MHN = MH negative, MHE = MH equivocal. 


The positive inotropic effect of both 0.5-2% 
halothane and caffeine 0.5-2 mmol litre! was 
enhanced in the presence of verapamil. However, 
there were no significant differences in the 
percentage of maximum twitch increases between 
the pretreated and untreated muscles (data not 
shown). 


DISCUSSION 


The present results demonstrate that verapamil 
may affect the diagnosis of Malignant Hyper- 
pyrexia susceptibility based on im vitro muscle 
contractures in response to halothane and caffeine. 
In four of 10 patients, verapamil 107® mol litre? 
decreased the halothane-induced contracture to 
such an extent that the test became negative. 
Furthermore, in nine of 10 patients, the con- 
tracture induced by caffeine 2 mmol litre! (the 
highest concentration admitted for MHS diag- 
nosis) was antagonized completely by verapamil 
1078 mol litre™?. 

There are few studies of the effect of calcium 
channel blockers on halothane—caffeine contrac- 
ture tests in human MHS muscle. However, our 
results are consistent with the report of Gruener 
and Blanck [7], who found that verapamil 8 x 10~° 
mol litre"! was effective in blocking halothane- 
induced contractures. It is of interest that the 
concentration of verapamil used in the present 
work is more comparable to the clinical range than 
that reported by these authors. However, the use 
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of verapamil 10-® mol litre"! corresponds to the 
highest therapeutic concentration. Indeed, some 
studies suggest a therapeutic range of 150-500 mg 
mil- [8-11]. The greatest concentrations are close 
to 10-* mol litre“, but there is obviously an 
order of magnitude difference in the lower 
concentration. However, higher plasma concen- 
trations are easily attained as verapamil is known 
to have a large first-pass metabolism in the liver 
[13]; this would result in a considerable inter- 
individual variation in plasma concentration. 
Hence the use of a concentration of verapamil less 
than 10~* mol litre~! for in vitro testing may have 
no clinical relevance for patients with high plasma 
concentrations of the drug. 

Furthermore, we found that verapamil inter- 
fered more with caffeine than with halothane 
contractures. To our knowledge, these observa- 
tions have not been described previously in human 
MHS skeletal muscle. However, verapamil effects 
on halothane- or caffeine-induced contracture 
have been investigated in skeletal muscle ob- 
tained from various animal species, with con- 
flicting results. Thus very high concentrations 
(500 x 10~* mol litre~') of verapamil have been 
reported to potentiate the halothane-induced 
contracture in pig MHS muscle [14]. In cat soleus 
muscle, halothane-induced contractures were 
abolished by verapamil 10-5 mol litre’, whereas 
7.5x10-§ mol litre? of the same drug was in- 
effective; verapamil 10 mol litre’! reduced the 
caffeine-induced contracture [15]. Similar reduc- 
tion or suppression of halothane- and caffeine- 
induced contractures has been observed when 
extracellular Ca?* was removed [15, 16], thus 
providing evidence that halothane- and caffeine- 
induced contracture depends on an extracellular 
source of Ca?*. 

We have shown that clinical concentrations of 
verapamil affect the tn vitro discrimination of MH 
susceptibility by producing false negative results 
for some MHS patients. If these results may be 
extrapolated to im vivo conditions (i.e. patients 
under verapamil treatment), we conclude that 
verapamil should be discontinued before per- 
forming a contracture test. 
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EDITORIAL I 


JOURNAL OF THE COLLEGE OF ANAESTHETISTS 


This issue of the Journal marks the development 
of a formal link between the College of Anaes- 
thetists and British Journal of Anaesthesia. 

The College developed from the Faculty of 
Anaesthetists, which was formed in 1948 as a 
body within the Royal College of Surgeons of 
England. Initially, postgraduate examinations 
were modelled along the lines of those conducted 
for surgical training and there was relatively little 
change in this modus vivendi until late 1970. With 
the progressive development of anaesthesia and 
its increasing academic standards, and with the 
formation of other separate colleges, including 
those of pathologists, radiologists and general 
practitioners, it seemed part of a natural evolution 
of the specialty to form its own college. After 
several years of negotiations, on October 19, 1988, 
the Faculty of Anaesthetists ceased to exist and 
was replaced by the College of Anaesthetists 
within the Royal College of Surgeons of England. 
At the same time, the diploma granted by the 
Faculty, notably the £.F.A.R.C.S., was replaced by 
the F.C.ANAES. diploma, which is awarded after 
successful completion of a three-part examination 
and 4 years approved postgraduate training. 

Shortly after the founding of the Faculty of 
Anaesthetists, a link was proposed between the 
Journal and the Faculty, but this was prevented 
by the constraints of the charter of the Royal 
College of Surgeons. It has only been since the 
evolution of the Faculty into the College that it 
has been possible on constitutional grounds to 
raise this issue again. It is the view of the Board of 
the Journal that this link with the College 
represents part of the natural evolution of an- 
aesthesia within the U.K. and will bring benefit to 
all our readers. 

British Journal of Anaesthesta is the oldest and 
largest independent journal of anaesthesia in the 
world. It was founded in 1923, one year after 
Anesthesia and Analgesia Current Researches was 
first published by the International Anesthesia 


Research Society. The Journal is governed by an 
Editorial Board which elects its members ac- 
cording to a constitution formulated in accordance 
with the laws governing charitable institutions 
within the United Kingdom. Through the me- 
dium of three elected trustees, the Board effec- 
tively owns the Journal and the constitution is 
such that the major, indeed only, role of the 
Journal is to provide a medium for dissemination 
of scientific and educational communications in 
anaesthetic and related fields. 

What is the nature of this association between 
the Journal and the College? It is planned that 
ownership of the Journal will be made over to the 
College which, meanwhile, becomes responsible 
for ratifying the appointment of members of the 
Board. The Board will continue to function as 
before, but is answerable to the Council of the 
College. The President and the Vice-President of 
the College will be Ex-officio members of the 
Board. The Board will act independently to elect 
the Editors and Assistant Editors and regulate the 
normal business activity of the Journal. In 
particular, the editorial independence of the Board 
is totally preserved in the new arrangement. 

Fellows of the College of Anaesthetists will 
receive this Journal as a privilege of the Fellow- 
ship. Thus this major change in the Journal’s 
affairs should have no impact on either the annual 
retention fees of the Fellows of the College or the 
subscription rates of non-Fellows. College news 
and other information which is of importance only 
to Fellows of the College will appear as a separate 
newsletter carried occasionally with the mailing 
envelope of the Journal, but distributed only to 
the College Fellows. 

What is the value of the present arrangements 
to subscribers who are not Fellows of the College? 
The nature of the Journal will remain unchanged, 
but there will be a substantial increase in the 
circulation of the Journal in the U.K., Europe and 
North America. From 1990, British Journal of 
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Anaesthesia will enjoy a higher circulation within 
the United Kingdom and Europe than any other 
anaesthetic Journal. 

We expect that these developments will be 
welcomed by all anaesthetists, both non-Fellows 
and Fellows of the College. The character and 
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format of the Journal will remain unchanged and 
we shall continue to enjoy total editorial freedom. 
We anticipate that, with our increased circulation, 
the Journal will become even more attractive for 
potential authors. 

G. Smith 


EDITORIAL 


EDITORIAL II 


QUEST FOR THE IDEAL INHALATION ANAESTHETIC AGENT 


This issue of British Journal of Anaesthesia carries 
an account of the first administration to humans of 
a new volatile halogenated anaesthetic agent, I- 
653 or desflurane [1]. This agent has undergone a 
relatively brief gestation between the laboratory 
and the clinical environment, in comparison with 
diethyl ether, which was first used clinically after 
an incubation period of some 300 years. The 
halogenated agents are comparatively young in 
anaesthetic terms and their structural analogues 
are still being explored in the search for the 
elusive ideal inhalation anaesthetic agent [2]. 

Theoretically, it is easy to define many proper- 
ties required of an ideal agent. The compound 
should be prepared readily and inexpensively in 
pure form; it should be stable (preferably without 
preservatives) with a long shelf-life to permit 
storage and use in a range of climatic conditions; 
it must be non-flammable and non-explosive in 
concentrations used clinically; it should be potent 
to allow high concentrations of oxygen to be used 
concurrently and possess a low blood/gas par- 
tition coefficient to produce rapid induction and 
emergence and flexibility in adjusting the depth of 
anaesthesia; it should be pleasant to inhale, 
permitting a smooth gaseous induction and devoid 
of important pharmacological effects on the car- 
diovascular and respiratory systems; it should 
cause readily controlled depression of specific 
areas of the central nervous system, producing 
analgesia but not stimulant activity; the com- 
pound should resist biotransformation and be 
devoid of organ-specific toxicity, even when 
chronic low dose exposure occurs, as in operating 
theatre staff [3]. 

Halothane, enflurane and isoflurane meet sev- 
eral of these criteria, but all have serious imper- 
fections. Halothane is decomposed by light and 
must be stored in amber coloured bottles with 
0.01% thymol as stabilizer. The high initial 
manufacturing cost of isoflurane was a barrier to 
early commercial success. Enflurane and iso- 
fiurane are not pleasant to inhale but halothane, 
although more acceptable in this respect, is the 
least flexible in altering depth of anaesthesia as it 


possesses the highest blood/gas solubility coeffici- 
ent. All three agents depress the respiratory 
responses to hypoxia and hypercapnia in a dose- 
dependent manner. All cause hypotension, halo- 
thane mainly as a result of direct depression of 
cardiac output, and isoflurane mainly by pro- 
duction of peripheral vasodilatation, with en- 
flurane occupying an intermediate position. Iso- 
flurane is a potent coronary vasodilator and has 
been implicated in causing coronary “‘steal”’, 
although this is important probably only in high 
inspired concentrations. Whilst halothane tends 
to cause a reduction in heart rate and reduces 
coronary blood flow in proportion to a reduction 
in myocardial oxygen consumption, both en- 
flurane and, to a lesser extent, isoflurane cause 
tachycardia as a result of baroreceptor reflex 
activity. All three agents impair pulmonary 
hypoxic vasoconstriction, but have little effect on 
pulmonary vascular resistance, although iso- 
flurane has been used for the treatment of primary 
pulmonary hypertension [4]. The administration 
of halothane in the presence of high circulating 
concentrations of catecholamines readily causes 
arrhythmias; this occurs to a lesser extent with 
enflurane and even less so with isoflurane, but this 
arrhythmogenic effect of all three agents is not 
dependent upon the dose of anaesthetic. 

Halothane and enflurane impair cerebral blood 
flow autoregulation ; isoflurane has the least effect 
on cerebral blood flow, but in high doses it does 
cause vasodilatation and it preserves the response 
to carbon dioxide better than the other two 
agents. Cerebral oxygen consumption is depressed 
to a greater extent with isoflurane than with 
halothane. Although frank convulsions have oc- 
curred during or following both enflurane and 
isoflurane anaesthesia, isoflurane is probably the 
best of the three volatile agents for use in 
neurosurgery because it reduces cerebral oxygen 
consumption and has a cerebral protective effect 
with little effect on cerebral blood flow and ICP in 
low concentrations. 

Ali three agents trigger malignant hyperthermia 
in susceptible individuals and in higher doses all 
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relax the uterus and may increase bleeding during 
uterine surgery in pregnancy; in this respect, 
enflurane has the greatest and isoflurane the least 
effect in equipotent doses. 

All three agents undergo biotransformation to 
varying degrees. Metabolism of enflurane causes 
an increase in serum fluoride ion concentration 
which is potentially nephrotoxic, especially if the 
patient is obese or receiving isoniazid [5]; pro- 
duction of fluoride is much less with isoflurane. 
All three agents decrease total hepatic blood flow 
in a dose related manner, but with halothane, 
hepatic oxygen supply is decreased to a larger 
extent for smaller reductions in mean arterial 
pressure [6, 7]. The production of toxic metabo- 
lites by halothane is thought to be responsible for 
the commonly seen sub-clinical increases in liver 
enzyme concentrations and serum bilirubin. More 
serious, although fortunately rare, is the fulminant 
massive hepatic necrosis which possesses a high 
mortality and may follow repeated exposures to 
halothane at short intervals and is thought to be an 
immune reaction. Enflurane may produce a simi- 
lar picture, possibly by cross-reactivity of metabo- 
lites, although isoflurane is probably safe in this 
respect, despite a few reports of jaundice following 
its use, particularly in animals [8—12]. 

The foregoing catalogue of imperfections is 
clearly the stimulus to a quest for improved 
agents. At the present time, there are two agents 
which command interest and attention, notably 
sevoflurane and [-653 or desflurane. 

Sevoflurane is a halogenated methyl isopropyl 
ether which was synthesized first in the early 
1970s. Currently, it enjoys favour only in Japan, 
where it is marketed for clinical use [13]. It is 
potent, non-explosive and non-flammable in clin- 
ical concentrations, but undergoes slight hydroly- 
sis in water and reacts with soda-lime to form 
traces of related ethers which have not, so far, 
been shown to cause toxic effects in animals 
exposed chronically in a closed system. From 
reports of studies in animals, adult volunteers and 
Japanese children [14] it is clear that induction of 
anaesthesia by sevoflurane is rapid and smooth, as 
predicted by a blood/gas partition coefficient of 
about 0.6 [15] and acceptable odour which allows 
the use of overpressure concentrations of up to 
10%. Its MAC value has been reported to vary 
between 1.7 and 2.3% [16, 17]. 

In common with the other volatile agents, 
sevoflurane causes dose-related cardiovascular 
and respiratory depression [18, 19]. Depression of 
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cardiac output is less marked than that produced 
by halothane, but more than that caused by 
isoflurane. The drug has no effect on regional 
distribution of coronary blood flow, but it has 
been reported to enhance metabolic recovery of 
the myocardium following ischaemia [20]. In 
common with the other agents, it potentiates the 
effects of calcium channel blocking agents [21] 
and sensitizes the heart to circulating catechol- 
amine concentrations to an extent intermediate 
between that of enflurane and isoflurane [22]. The 
effect of sevoflurane on the cerebral circulation is 
similar to that of isoflurane [23]. 

Following recovery from sevoflurane anaes- 
thesia, it has been noted that there might be some 
excitement to stimulation. In addition, it has been 
noted that some children may have muscle rigidity 
during induction. 

The extent of metabolism of the drug is similar 
to that of enflurane, but its low solubility and 
rapid elimination confine this to the period of 
exposure [24]. Toxic effects on the kidneys, liver 
and haemopoietic system have not been demon- 
strated [25]. It is interesting that, in comparison 
with all the other volatile anaesthetic agents, 
sevoflurane has been shown to cause increased 
blood flow to the liver of the pig [26]. It is notable 
that, with the exception of Japan, there has been 
little attempt to promote the widespread clinical 
use of sevoflurane, suggesting that any advantages 
it may possess Over isoflurane are either minimal 
or counterbalanced by its disadvantageous proper- 
ties. 

[-653 (desflurane) is a fluorinated methyl ether 
structurally very similar to isoflurane. It is non- 
flammable and non-explosive in clinical concen- 
trations and is more stable in the presence of soda- 
lime than any of the presently used volatile 
anaesthetic agents [27, 28]. This is fortunate, as 
its high cost necessitates the use of a closed 
system. Because its boiling point is close to 23 °C, 
the anaesthetic must be delivered either by 
injection of liquid anaesthetic or the use of a 
special vaporizer within a closed circle system. 

Desflurane is less potent than either isoflurane 
or [-537, another new compound of similar 
structure currently being evaluated in animals. It 
has been postulated that the lower potency of 
desflurane might be the result of its lower 
molecular mass [2]. The MAC value has been 
estimated at 5.7% for rats [29,30], 7.2% for 
beagle dogs, 8.9 % for New Zealand White rabbits 
and 8.2-10% for swine [31], depending on the 
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stimulus. From these studies, the MAC value for 
humans has been estimated at 4%, 5.1% and 
5.6%, respectively. In the first human study 
described in this issue, volunteers were given 
inspired concentrations of 5.4% [1]. 

In studies of laboratory rats, desflurane did not 
cause hepatic, pulmonary or renal injury in the 
presence of hypoxia and enzyme induction [9]. In 
rats pretreated with phenobarbitone, serum 
fluoride ion concentrations and excretion of 
fluoride ion were virtually the same as controls, 
there being only a tenfold increase in rats with 
enzyme induction produced by ethanol [32]. 
These studies suggest that the compound under- 
goes minimal biotransformation, although the 
presence of volatile metabolites or covalently 
tissue-bound products could not be excluded. 

The first studies in human volunteers [1] have 
confirmed the physical properties regarding in- 
duction of anaesthesia. The drug possesses a low 
blood/gas partition coefficient of about 0.4, and a 
pleasant odour and non-irritability to the res- 
piratory tract; it produces smooth, rapid, gaseous 
induction of anaesthesia with no respiratory side 
effects other than respiratory depression in the 
absence of surgical stimulation. Recovery from 
anaesthesia is faster than that of all other volatile 
anaesthetic agents, regardless of the duration of 
anaesthesia or the inspired concentration of 
anaesthetic used. 

In animals, it has been shown that the car- 
diovascular effects of desflurane mimic those of 
isoflurane; in pigs, the drug caused peripheral 
vasodilatation, systemic hypotension, tachycardia 
and myocardial depression. The effect of the drug 
on the coronary circulation has not yet been 
evaluated [33]. In common with isoflurane, I-653 
has only a small effect on the arrhythmogenic 
threshold to catecholamines [34]. In the first 
human study, the effects of desflurane on the 
cadiovascular system were unremarkable; with 
the exception of sinus tachycardia during in- 
duction of anaesthesia, caused possibly by excite- 
ment, heart rate remained virtually unchanged [1]. 

The therapeutic ratio of desflurane is only 
slightly lower than that of isoflurane and other 
volatile anaesthetic agents and, in the spontan- 
eously breathing subject, apnoea should preceed 
the development of cardiovascular collapse. The 
central nervous system effects of desflurane are 
similar to those of isoflurane in the pig, with EEG 
changes of decreasing amplitude and frequency 
and increasing suppression [35]. 
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At present, desflurane represents an interesting 
development in the quest for the ideal inhalation 
anaesthetic agent. Its great advantages of very 
rapid induction and emergence and sensitive 
control of anaesthetic depth surpass those of all 
the other volatile anaesthetic agents. However, its 
high volatility and expense render closed circuit 
anaesthesia and specialized vaporization systems 
essential, presenting practical difficulties in its 
use. At this stage, it would be premature to 
speculate on the cost:benefit ratio of the drug 
compared with isoflurane or enflurane, but further 
evaluation is clearly warranted. 

The development of a new volatile anaesthetic 
agent presents a formidable challenge. The stages 
of synthesis, testing tn vitro, toxicity studies in 
animals, evaluation in human volunteers and 
limited clinical trials are processes which are 
approaching the stage of being virtually pro- 
hibitive on the grounds of expense, especially as 
this sequence may be interrupted indefinitely at 
any stage [36, 37]. Nonetheless, the properties of 
the currently available inhalation anaesthetic 
agents are so far removed from those of the ideal 
compound that further effort in this direction is 
clearly warranted. 

S. Heyke and G. Simth 
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EDITORIAL 


EDITORIAL III 


THE PROMISE OF TRANSDERMAL DRUG DELIVERY 


Rate controlled drug delivery began with an- 
aesthesia. Constant rate delivery (zero-order) 
results in constant blood concentrations which do 
not vary unless the rate of delivery or the clearance 
of the drug changes. This may be termed an 
““isonaemic state” [1], which signifies constant 
concentrations of drug in blood over a period of 
time. This contrasts with conventional dosing 
which results in peaks and troughs of blood 
concentrations. One might expect isonaemic con- 
centrations to result in constant drug effect, but 
this is not always so as a fading pharmacological 
response may occur in the face of constant 
concentrations. 

Rate controlled delivery allows the practitioner 
to rank-order drug actions by the minimum rate 
of administration needed to elicit each action. 
This rank ordering allows one to identify those 
drugs with a selectivity of action which may be 
enhanced. The perfect example is the rank 
ordering of the stages of ether anaesthesia. 
Modern drugs have changed some of the details, 
but not the concept, and the anaesthetist’s 
sensitive control over the depth of anaesthesia 
demonstrates how one can make practical use of 
agents within extremely narrow therapeutic in- 
dices using the steady state approach. Other 
examples of drugs amenable to this approach 
include hyoscine, theophylline, nitroprusside, 
nitroglycerin, dopamine, dobutamine and oest- 
radiol. 

‘Transdermal drug delivery offers an alternative 
to more conventional therapy as a mechanism to 
achieve and maintain relatively constant drug 
concentrations. Systems have been designed to 
deliver drugs to the surface of the skin at a 
controlled rate which is less than the maximum 
rate of transport through the skin [2]. Thus the 
control of the rate of drug administration remains 
within the delivery system and not with the skin 
or the varying physiological influences such as 
temperature or blood flow. As a general rule, if a 
drug is sufficiently potent that the therapeutic 
dose is less than 10 mg/24 h and the drug does not 
release histamine or irritate the skin, it is a 
candidate for transdermal delivery. 


Transdermal drug delivery was achieved first 
using conventional formulations such as ointments 
and creams. However, the dose was not easy to 
control or reproduce (concentration of drug x area 
of application) and delivery systems were de- 
veloped for better control of the rate and duration 
of drug input. At present, systems are available to 
deliver a drug over a period of 1-7 days for several 
drugs, but hyoscine, nitroglycerin, clonidine and 
fentanyl are of most interest to the anaesthetist. 


Ayoscine 

Hyoscine was the first drug to be made available 
as a transdermal system. It has been used to 
prevent nausea and vomiting associated with 
motion, radiotherapy and anaesthesia or surgery. 
The use of conventional hyoscine preparations is 
limited by drowsiness, confusion and blurred 
vision in addition to a relatively short duration of 
action. The aim of the transdermal system is to 
prolong effects and minimize toxicity. Early 
clinical trials (at sea) demonstrated prevention of 
motion-induced nausea in 75% of susceptible 
subjects who wore a system that delivered 0.5 mg 
of hyoscine over a 3-day period [3, 4]. 

In a placebo controlled, double-blind study of 
38 patients undergoing minor gynaecological 
surgery with general anaesthesia, transdermal 
hyoscine reduced the incidence of postoperative 
vomiting from 68 % to 42 % in the first 24 h after 
surgery [5]. In the second and third 24-h periods, 
there were no differences between the groups. 
Visual disturbances were more common in the 
treated group at 48 h (42 % compared with 0% in 
the placebo group). In the 72-h period of the 
study, all patients receiving placebo and 13 of the 
treated patients (68 %) experienced severe nausea 
or vomiting. It seems likely that some tolerance to 
the antiemetic effects of the hyoscine occurred, as 
this has been reported in laboratory-induced 
motion sickness [6]. 

In a double-blind, placebo controlled com- 
parison of transdermal and i.m. hyoscine, sedation 
was greater with i.m. administration, while the 
incidence of nausea and vomiting was similar in 
both groups [7]. In a placebo contrdlled study in 
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children, there was no improvement in the 
incidence of nausea and vomiting, but five of the 
24 children experienced agitation or hallucina- 
tions before operation [8]. 

In addition to these adverse effects, as many as 
67 % of patients experience dry mouth [9]. In two 
studies [4, 10] skin irritation occurred in approxi- 
mately 17% of patients. This reaction disap- 
peared rapidly on removal of the system. 

In this issue of British Journal of Anaesthesia, 
another placebo controlled, double-blind study is 
reported of transdermal hyoscine in 283 females 
after gynaecological and general surgery [11]. 
Again, there was no difference between active 
drug and placebo and the incidence of nausea was 
25% in the recovery room and 50% in the ward. 
Dryness of the mouth and visual disturbances 
were more common in the active group. 


Glyceryl trinitrate (nitroglycerin) 

Nitrates are used widely for the prophylaxis of 
angina and in the treatment of heart failure 
because of their potent dilating properties when 
concentrations are high enough in the walls of 
arteries and veins. There have been some attempts 
to use the drug to prevent silent myocardial 
ischaemia associated with the perioperative 
period. 

Transdermal systems produce blood concen- 
trations which are in the same range as those 
achieved after sublingual dosing. However, recent 
data suggest that tolerance to the effects of nitrates 
develops rapidly with continuous administration 
[12]. Both the haemodynamic effects (measured 
by reduction in arterial pressure) and anti-anginal 
activity are reduced and duration of action of the 
drug is shortened. The demonstration of sustained 
plasma concentrations is not proof of sustained 
effect. 

Fluctuating nitrate concentfations and a 
nitrate-free interval may prevent the development 
of tolerance to the anti-anginal action [13], and N- 
acetyl cysteine i.v. may also antagonize nitrate 
tolerance. 

There have been attempts to quantify a “cu- 
taneous first pass ” effect for nitroglycerin [14]. In 
monkeys, 15-20 % of nitroglycerin administered 
transdermally is metabolized during passage of 
the drug through the skin. It is not yet known if 
this occurs in humans. However, nitroglycerin 
may be metabolized significantly by skin surface 
microflora [15], and this may influence steady 
state concentrations. 
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Recent clinical experience with glyceryl tri- 
nitrate has revealed conflicting results. In a 
multicentre trial of 57 patients with exercise- 
induced angina, transdermal nitroglycerin applied 
daily for 1 week reduced the frequency of attacks 
[16]. However, only 56% of subjects had any 
response at any time. In a postmarketing sur- 
veillance study of nitroglycerin 5 mg day™ in 
2461 patients with angina, the drug was judged to 
be effective in 81% of patients [17]. Thirty 
percent experienced side effects. Reasons for 
withdrawal from treatment included headache 
(5.7%), other side effects (3.6%) and failure of 
therapy (3.1%). 

In a multicentre, randomized controlled trial in 
427 men aged 30-75 yr with a minimum of 3 
months history of chronic stable angina inade- 
quately controlled with B-blockers alone, con- 
tinuous use of nitroglycerin 5 mg day~! showed no 
advantage over placebo in terms of efficacy 
(anginal attacks and sublingual nitroglycerin con- 
sumption) or quality of life (measured by a health 
index of disability) [18]. Headache was more 
frequent on the active drug and 11 patients 
withdrew because of this, compared with one in 
the placebo group. 

In short, the transdermal] nitroglycerin systems 
undoubtedly have an anti-anginal effect for 8— 
12h after application, but sustained therapy 
seems to be ineffective because of tolerance [19]. 
Clonidine 

Clonidine is an a-adrenoreceptor agonist used 
in the treatment of hypertension. The transdermal 
preparation was developed to minimize adverse 
effects, such as dry mouth and drowsiness, 
which are thought to be dependent on the high 
peak plasma concentrations seen after oral dosage, 
and to provide steady state concentrations for a 7- 
day period (the oral dosage form has to be taken 
two or three times daily). 

After application of a transdermal clonidine 
system, steady state concentrations are achieved 
on day 3. After removal of the system, plasma 
concentrations remain constant for 8 h and then 
decline over 3 days with a mean half-life of 21 h, 
which is much longer than that seen after oral 
administration. 

Maximum reduction of arterial pressure is 
achieved 2~3 days after initial application and 
maintained for at least 7 days or until the system 
is removed, then arterial pressure returns to 
pretreatment values over 3—4 days. A sustained 
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reduction in heart rate does not occur during 
therapy and the severe rebound hypertension 
observed after stopping oral clonidine abruptly 
has not occurred after discontinuing transdermal 
clonidine [20]. 

The adverse effects of clonidine are changed by 
giving the drug transdermally. Dry mouth and 
somnolence are less frequent during transdermal 
therapy than with oral therapy, but skin irritation 
is more common [21]. The reaction in the skin 
may be severe enough to necessitate stopping the 
transdermal therapy. The reported incidence 
varies from 5% to 35%. 


Fentanyl 


Fentanyl is available for clinical trial in a 
transdermal system which releases 25, 50 or 
100 pg h~! for 24 h [22]. After application, steady 
state concentrations are achieved at 8 h and, after 
removal of the system, concentrations decrease 
slowly, which probably reflects continuing ab- 
sorption of the drug from a skin depot. 

‘Transdermal fentanyl has been used to prevent 
pain after surgery and in the treatment of chronic 
pain [23]. In a double-blind placebo controlled 
study of 40 patients undergoing upper abdominal 
surgery, transdermal fentanyl 100 pg h™ resulted 
in a significant reduction in morphine require- 
ments compared with placebo, and pain scores 
were significantly better in the active group. Peak 
expiratory flow was significantly greater in the 
active group (41% of preoperative value com- 
pared with 25 % in the placebo group). No patient 
was withdrawn because of respiratory depression. 


CONCLUSION 


Transdermal systems may provide a successful 
route of administration for a few drugs. There has 
been some clinical success, but not without 
problems of tolerance and skin toxicity. Each new 
system must be judged on its own clinical merits 
and studies show that clinical efficacy and safety 
cannot be assumed from early blood concentration 
data alone. 
W. S. Nimmo 
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CLINICAL IMPRESSIONS AND CARDIORESPIRATORY 
EFFECTS OF A NEW FLUORINATED INHALATION 
ANAESTHETIC, DESFLURANE (1-653), IN VOLUNTEERS 


R. M. JONES, J. N. CASHMAN AND T. G. K. MANT 


SUMMARY 


The new volatile anaesthetic, desflurane (1-653), 
was administered to 10 healthy, unpremedicated 
young male volunteers in order to determine its 
cardiorespiratory effects and the characteristics 
and acceptability of its inhalation. All volunteers 
breathed either sub-anaesthetic (1.8% inspired) 
or anaesthetic (5.4% inspired) concentrations of 
the anaesthetic without coughing, breath-hold- 
ing, salivation or other untoward respiratory 
response. Respiratory minute volume and al- 
veolar ventilation decreased and ventilatory rate 
increased. Systemic arterial pressure decreased 
(diastolic more than systolic) and heart rate 
remained unchanged. Cardiac rhythm remained 
unaltered, except in one volunteer who ex- 
perienced a single premature atrial contraction. 
Volunteers stated that the odour of desflurane 
was not irritating or unpleasant. Exposure to the 
agent for approximately 90 min resulted in rapid 
and clear-headed recovery. 


KEY WORDS 


Anaesthetics volatile: desflurane, 1-653. Cardiovascular drug 
effects. 


The new volatile anaesthetic, desflurane (1-653), 
is a fluorinated methyl ethyl ether. Several of its 
physical properties suggest that it might be a 
useful and safe anaesthetic for clinical practice: 
these include an exceptionally low solubility 
(blood/gas partition coefficient 0.42) and physical 
stability which appears to equal or exceed that of 
all volatile agents currently in clinical use [1, 2]. 
In common with halothane, enflurane and iso- 
flurane, it is flammable under experimental con- 
ditions but not those relevant to a clinical 
environment. Studies in animals indicate that the 
compound is non-toxic [3, 4]. 


In the first study in man, we have exposed 
volunteers to desflurane in order to examine some 
of its cardiorespiratory effects and the character- 
istics and acceptability of its inhalation. 


METHODS AND MATERIALS 


After institutional Ethics Committee approval 
and written informed consent were obtained, we 
studied 10 young unpremedicated male volunteers 
all of whom were ASA class I and had not smoked 
for 5 or more years and had taken no medication 
for the previous 14 days. Before the study, all 
volunteers abstained from alcohol and caffeine- 
containing drinks for 24h. They were screened 
before test drug exposure for the Australia antigen 
and evidence of illicit drug taking. Routine blood 
chemistry, haematology and urinalysis were per- 
formed and a physical examination performed 
including temperature, arterial pressure and heart 
rate measurements. A 12-lead ECG was recorded. 
It was necessary for all results to be normal] before 
accepting a volunteer into the study. An ex- 
perienced anaesthetist also examined the volun- 
teers for evidence of potential airway problems 
and for ability to breathe through the nose without 
obstruction. Volunteers were admitted to Guy’s 
Hospital (London) the day before anaesthesia. All 
screening data and pretreatment tests were 
checked by the principal investigator (R.M. J.) 
before exposure to desflurane was permitted. 
Before administration of the test drug, the 
volunteer rested supine and breathed room air for 
20 min and then underwent 10 min denitro- 
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genation breathing 100% oxygen from an an- 
aesthetic breathing system incorporating soda- 
lime for carbon dioxide absorption. Control values 
for arterial pressure (Riva-Rocci), heart rate, 
ECG, oximetry and temperature (toe) were re- 
corded at 5-min intervals whilst the volunteer 
breathed room air and in addition, minute volume 
and end-tidal carbon dioxide concentration were 
noted during denitrogenation. After denitro- 
genation, subjects held their breath following a 
normal exhalation and then breathed in (time 
zero) from a second anaesthetic breathing system, 
identical to the first, which had been primed with 
1.8% (n=5 group I) or 5.4% (n = 5 group IT) 
desflurane in oxygen. Inspired and expired con- 
centrations were monitored using a Datex Multi- 
gas anaesthesia monitor modified to measure 
desflurane and calibrated before and after each 
trial exposure with known standard concen- 
trations (gravimetric measurement) of 1.5, 3.0 and 
6.0 % of the agent. The anaesthetic was delivered 
by a modified Ohio DM 5000 anaesthesia machine 
with an electrically heated, temperature controlled 
vaporizer. The flowmeters were calibrated in ml 
min“! of vapour output (direct metering vaporiz- 
ation). The vaporizer temperature was maintained 
at 23-25 °C. 

Volunteers breathed via a cuffed clear plastic 
mask; an adaptor with a side port allowed the 
attachment of a catheter which was linked to the 
gas analysers. The inspired gas was delivered to 
the adaptor from a Y-connector and this deadspace 
(approximately 50 ml) protected the end-tidal 
sample from contamination with inspired gas. 

The inspired concentration of desflurane was 
maintained for 30 min (by adjusting vaporizer and 
fresh gas flow), then increased (group I) to 
produce anaesthesia or decreased (group II) to 
sub-anaesthetic values in a step-wise fashion, each 
step being maintained for at least 15 min. All 
control measurements, in addition to inspired and 
expired desflurane concentrations, were recorded 
at 1, 2, 3, 5, 7 and 10 min and thereafter at 5-min 
intervals. The ECG was monitored continuously 
by a dedicated observer and any disturbance of 
rhythm noted and a hard copy recorded. The 
subject’s response to breathing the test drug was 
categorized in terms of the presence or absence of 
breath-holding, cough, laryngospasm, broncho- 
spasm, secretions or other untoward response. 
The response- to the insertion of an oral airway 
was recorded. Time to responding correctly to 
command (“squeeze my fingers”) was recorded 
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after discontinuing anaesthetic concentrations of 
desflurane. Side effects after exposure were noted 
and categorized in terms of their likely relation- 
ship to test drug exposure. The subjects were 
questioned specifically for their memory for 
events and asked if the experience had been 
unpleasant and to comment on their impression of 
the odour of the test drug. 


RESULTS 


Data are expressed as mean (SD). All subjects 
entered into the study completed the trial, and the 
average exposure to the test drug was 89 (17) min. 


Respiratory effects 


Exposure to either anaesthetic (5.4% inspired) 
or sub-anaesthetic (1.8 % inspired) concentrations 
of desflurane for 30 min was tolerated well by all 
subjects and there was no breath-holding, cough- 
ing, salivation, laryngospasm or bronchospasm 
during this period. After the initial 30 min one 
subject (No. 2) coughed twice at an end-expiratory 
concentration of 4.9% and twice again at 4%. On 
the former occasion a small amount of saliva 
appeared at the lips. No other subject coughed on 
any occasion, including during the insertion of an 
oral airway. Subject No. 3 sneezed (once at 4.8% 
end-tidal agent), as did subject 4 (twice at 4.9% 
end-tidal) and subject 8 (once at 3.3 % end-tidal). 
After 7 min exposure to an inspired concentration 
of 1.8% desflurane (end-tidal 1.5%), subject 4 
complained of feeling dizzy. An oral airway was 
inserted in order to overcome some respiratory 
obstruction in six subjects and was tolerated well. 

Ventilation was often irregular, in both rate and 
volume, at end-tidal concentrations of 1.6-3.2 %, 
associated sometimes with a brief excitement 
phase (typical of that which occurs during gaseous 
induction of anaesthesia with other agents), and 
airway support was usually necessary in this range 
as the laryngeal and pharyngeal musculature re- 
layed. As noted previously, an oral airway was 
used in six subjects; it was inserted at end-tidal 
concentrations of 4.0-4.9% when the volunteer 
was asleep and relaxation of pharyngeal muscu- 
lature made the maintenance of a clear airway 
difficult. In the five subjects exposed initially to an 
inspired concentration of 5.4% (group II) this 
was accomplished smoothly during a single ex- 
piration and without respiratory disturbance at 
10.6 (1.9) min after initiating exposure to the 
agent. Minute volume did not change signifi- 
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TABLE I. Mean (SD) changes from control (pre-exposure 
values) m measured cardwrespiratory variables and skin 
temperature at the highest steady state concentration of 
desflurane to which all volunteers were exposed. Typically, this 
was 54% inspired, which corresponded to an end-tidal 
concentration of 4.8 (+0.1)%. * Sigmficantly different from 


control (P < 0.05) (paired t test) 
Control Desflurane 

Minute volume 8.1 (2.2) 7.8 (1.9) 
(litre min`?) 

Ventilatory rate 9 (2) 19 (4)* 
(b.p.m.) 

End-tidal CO, (%) 5.0 (0.7) 6.2 (0.5)* 

Systolic arterial 119 (12) 110 (10) 
pressure (mm Hg) 

Diastolic arterial 68 (7) 58 (8)* 
pressure (mm Hg) 

Heart rate 59 (5) 57 (7) 
(beat min™?) 

Rate—-pressure product 6984 (847) 6299 (830) 
(u.) 

Skin temperature (°C) 26.6 (1.0) 34.1 (1.3)* 


cantly, but rate of ventilation and end-tidal carbon 
dioxide concentration increased with anaesthesia 
(table I). Oxygen saturation varied between 97 
and 100% during most of the control and test 
periods, although occasional values of 96°% were 
noted during both periods. 


Cardiovascular effects 


Systemic arterial pressure decreased (diastolic 
pressure significantly (P <0.05)), whilst heart 
rate and rate—-pressure product remained virtually 
unchanged (table I). Skin temperature increased 
with anaesthesia: it was 26.6 (1.02)°C before 
exposure, 34.1 (1.31) °C at the end of anaesthesia 
(P < 0.01) and 31.6 (2.25)°C 30 min after ex- 
posure. 

The only disturbance of cardiac rhythm (other 
than episodes of sinus tachycardia associated with 
induction excitement) that occurred throughout 
the trial was a single premature atrial contraction 
recorded at an end-tidal concentration of 5.0% 
desflurane. This subject had sinus bradycardia on 
the screening ECG with a ventricular rate of 45 
beat min“ and a P-R interval of 128 ms. At rest, 
before exposure to desflurane, a short sequence of 
junctional rhythm was noted. 


Post-exposure data 


In group J, after anaesthetic concentrations of 
desflurane were discontinued, the time taken to 
respond to command (“‘squeeze my fingers”) 
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TABLE II. Side effects, duration and hkely association with 
test-drug exposure. All the side effects were mild and all 
subjects recovered from them without remedial action 


Subject Study-drug 
No. Side~effect Duration related? 
I Mouth ulcer 5 days Remote 
2 Nausea 10 min Probably 
3 Headache 90 min Probably 
4 Headache 21 min Probably 
Nausea 
ariel } 2h Probably 
5 None 
6 Abnormal taste 10 min Probably 
7 Nausea 
Tiredness } 29 min Probably 
Headache 
8 Light~headed 
Nausea | 40 min Probably 
Disorientated 
9 None 
10 None 


varied from 1 to 4min (mean 2.7 (1.17) min). 
Side-effects and likely association with exposure 
to desflurane are listed in table II. All subjects 
drank water within 1h of discontinuing the test 
drug. In all subjects, including the five who were 
exposed initially to the low concentration of 
desflurane, amnesia developed rapidly and sub- 
jects remembered very little of the subsequent 
events, including those occurring during excite- 
ment. 

No subject found the expertence unpleasant 
and all agreed they would readily undergo again a 
similar investigation with the agent. When speci- 
fically questioned, all stated that the agent had a 
noticeable odour, but none thought that it was 
unpleasant. One subject, a department member 
who has taken part in several trials of inhalation 
agents (including nitrous oxide) as sedatives, 
stated that breathing low concentrations of des- 
flurane compared favourably with his previous 
experiences. 


DISCUSSION 


In common with isoflurane, enflurane and halo- 
thane, desflurane is halogenated with fluorine but 
not with chlorine (halothane, enflurane and iso- 
flurane) or bromine (halothane) (fig. 1). In this 
respect, it resembles sevoflurane, which is a 
methyl isopropyl ether halogenated entirely with 
fluorine. Structurally, it differs from isoflurane 
only by substitution of fluorine for chlorine on the 
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H—C—C—O—C—H 
| | | 
F F F 


Compound No. 347. enflurane 


FCO F 

| | | 
F—C—C--O—C—H 

| | | 

F H F 


Compound No. 469: isoflurane 


F F F 


| | | 
F—C—C—O—C--F 


i | | 
FH H 


Compound No. 635: desflurane 
(diftuoromethy! 1-fluoro 2,2,2-trifluoro ethyl ether) 


Sevoflurane: a methyl isopropyl ether 


Fig. 1. The new volatile anaesthetic, desflurane (1-653), 13 the 

653rd compound in the series of methyl ethyl ethers investi- 

gated by R. C. Terrell and associates. It differs from 180- 

flurane in the substitunon of fluorine for chlorine on the 
a-ethyl carbon. 


a-ethyl carbon and thus it has a lower molecular 
weight than enflurane and isoflurane (which are 
structural isomers): 168 Da compared with 184.5 
Da. It belongs to the same chemical series as these 
volatile anaesthetics, being a methyl ethyl ether, 
and was the 653rd compound to be synthesized in 
the series (by R. C. Terrell and associates), of 
which the 347th is enflurane and the 469th, 
isoflurane. 

Desfiurane appears to be devoid of toxicity in 
rats exposed chronically to the agent [4] and in an 
enzyme-induced hypoxic rat model [5], in ad- 
dition to dogs (unpublished data). In rats and 
pigs, it appears to be biotransformed less than 
isoflurane [1, 3]. Preliminary work in pigs sug- 
gests that its cardiovascular effects are similar to 
those of isoflurane [6]. 


BRITISH JOURNAL OF ANAESTHESIA 


Our study suggests that, although some of the 
cardiorespiratory effects of desflurane in man are 
similar to those of isoflurane, there are important 
differences. Of particular significance is the ob- 
servation that unpremedicated, healthy young 
men breathing either sub-anaesthetic (1.8%) or 
anaesthetic (5.4%) concentrations of desflurane 
for 30 min had no episodes of breath-holding, 
cough, salivation or other untoward respiratory 
disturbance. All the subjects stated that the agent 
was not unpleasant to breathe and some vol- 
unteered that it was quite pleasant. Thus, at the 
concentrations used in this study, desflurane 
appears devoid of irritant respiratory effects. This 
lack of pungency and irritation, coupled with the 
low solubility in blood (blood/gas partition co- 
efficient 0.42) suggests that desflurane may be a 
useful anaesthetic for inhalation induction. This 
property would be of particular value in paediatric 
anaesthesia. 

The agent produces respiratory depression in 
unstimulated volunteers, as indicated by an 
increase in end-tidal carbon dioxide concen- 
tration. Despite an increase in rate of ventilation, 
it appears that alveolar minute volume decreases. 
In this respect, desflurane resembles other potent 
halogenated anaesthetics. Airway support was 
necessary after more than 2-3 % of the agent was 
breathed and at concentrations greater than 4% 
an oral airway could be inserted easily and was 
well tolerated. 

Systemic arterial pressure was reduced, with a 
greater change in diastolic arterial pressure. In 
general, changes in systolic pressure relate to 
changes in cardiac output and changes in diastolic 
pressure relate to changes in systemic vascular 
resistance. Thus, in common with isoflurane, 
desflurane may decrease systemic vascular resis- 
tance more than cardiac output. In swine, these 
two agents have similar effects on cardiac output 
and systemic vascular resistance. However, in 
distinction to isoflurane, which increases heart 
rate especially in younger subjects, desflurane was 
not associated with any significant change in this 
study (mean values: control 59; 4.9% end- 
expired desflurane 57). In combination with a 
small reduction in systolic arterial pressure (statis- 
tically insignificant), the stable heart rate resulted 
in little overall change in rate~pressure product 
(mean values: control 6984; 4.9% end-expired 
desflurane 6299). The lack of an increase in heart 
rate was unexpected, and is at variance with the 
findings in swine. This may have implications for 
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use of desflurane in patients with ischaemic heart 
disease, in whom an increase in myocardial oxygen 
demand and a decrease in supply would be 
deleterious. 

The stability of cardiac rhythm during des- 
flurane exposure was a notable property of the 
drug. The single premature atrial contraction 
occurred in a volunteer who was known to have a 
marked (physiological) bradycardia at the screen- 
ing visit (he was a keen sportsman) and in whom 
a short sequence of junctional rhythm was 
recorded before exposure to desflurane. Stability 
of cardiac rhythm has been demonstrated also in 
the presence of increased plasma concentrations 
of adrenaline in swine [7], and implies that 
desflurane lacks a significant effect on cardiac 
impulse initiation and conduction (electrophysio- 
logically, changes in these factors are prerequisites 
for the initiation of rhythm disturbances caused 
by altered automaticity or impulse re-entry). 
During induction, several subjects had a brief 
period of excitement during which endogenous 
catecholamines may be expected to be released. In 
none of these was there any rhythm disturbance 
other than sinus tachycardia. 

All subjects awoke within a few minutes of 
discontinuing anaesthetic concentrations of the 
agent and all side effects were short-lived; none 
required active treatment. All volunteers stated 
that the experience had not been unpleasant and 
that they would readily undergo a similar trial in 
the future. 

In conclusion, desflurane appears to be a 
promising new inhalation anaesthetic agent. It 
may not have the respiratory irritant properties 
and effect on heart rate that isoflurane has and 
may, therefore, more closely approximate the 
properties of an ‘“‘ideal”’ inhalation agent [8]. In 
addition, its low solubility in blood may permit 
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especially rapid recovery from anaesthesia and its 
molecular stability should minimize the potential 
for end-organ toxicity. 
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DOUBLE BLIND COMPARISON OF TRANSDERMAL 
HYOSCINE AND PLACEBO FOR THE PREVENTION OF 


POSTOPERATIVE NAUSEA 


E. M. J. KOSKI, M. A. K. MATTILA, D. KNAPIK, T. TOIVANEN, 
H. RUUSUKALLIO, P. ANDERSSON AND Y. FREUDENTHAL 


SUMMARY 


Transdermal hyoscine (Scopoderm, Ciba-Geigy) 
has been compared with placebo in 283 female 
patients. The hyoscine patch had no significant 
effect on postoperative nausea or vomiting. In 
contrast with earlier studies, there was no 
correlation between previous experiences of 
nausea (motion, pregnancy or surgery related) 
and nausea caused by the surgery or anaesthetic 
in this study. No correlation was found between 
nausea or vomiting and the type of operation. 


KEY WORDS 


Vomiting: antiemetic, hyoscine, Pharmacokinetics: trans- 
dermal 


Nausea is an unpleasant postoperative symptom, 
especially for many female patients [1]. The 
incidence of nausea and vomiting has been found 
in different studies to vary greatly [2—5]. 

The aetiology of postoperative nausea is usually 
multifactorial [4,6]. The main causes include 
inhalation anaesthetic agents, opioid analgesics 
and distension of the stomach or intestines [7]. 
Pain may cause nausea [8], as may hypoxia, 
hypercapnia or an increase in intracranial press- 
ure. Predisposing factors include also the type of 
surgery and the irritant effect of blood in the 
stomach [9]. 

Hyoscine, antihistamines and neuroleptic 
agents are widely used as premedicants, but they 
have been superceded largely by the benzo- 
diazepines, which have a good anxiolytic effect but 
do not possess antiemetic properties. 

There is a need for an effective postoperative 
antiemetic agent. Ideally this should be easy to 
administer, long-lasting and without side effects. 


Transdermal hyoscine seems to fulfil these criteria 
in the prevention of motion sickness [10, 11]. This 
encouraged us to study its efficacy in the prophy- 
laxis of postoperative nausea and vomiting. 


PATIENTS AND METHODS 


Female patients requiring general anaesthesia 
were included in this two-centre study (Kuopio 
University Central Hospital (KUCH) and Dis- 
trict Hospital of Varkaus (DHV)). Patients with 
known allergy to hyoscine were excluded. The 
study was approved by the Ethics Committees of 
the hospitals and each patient’s informed consent 
was obtained. 

Any history of motion sickness and nausea or 
vomiting related to previous surgery or pregnancy 
was sought from each patient on the day of 
admission. A 0-3 grading (none—-very frequent) 
was used to assess the severity of the symptoms. 

The study was conducted in a double-blind 
manner and the patients were allocated randomly 
to receive either a hyoscine (Scopoderm, Ciba- 
Geigy) transdermal patch or matching placebo 
patch. The patch was applied to the skin behind 
an ear on the evening before surgery, by one of the 
investigators. The active patches delivered 
hyoscine 140 ug initially and thereafter 5 ug h`? 
for up to 72 h [12]. The patches remained in situ 
for a minimum of 48 h after operation. 

The patients were fasted from midnight fol- 
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lowing soup or other liquid meal on the previous 
evening. For premedication they received either 
promethazine 25 mgi.m. (at DHV) or flunitra- 
zepam ] mg i.m. (at KUCH) 1 h before the start 
of anaesthesia, which was induced with thio- 
pentone 3—6 mg kg? and maintained with 65% 
nitrous oxide in oxygen. The trachea was always 
intubated after application of 4% lignocaine to 
the epiglottis and upper trachea and lignocaine gel 
to the tracheal tube. Fentanyl was given for 
analgesia as indicated, and additional enflurane 
was given at DHV. The dose of fentanyl did not 
differ between the groups. Alcuronium was given 
for muscle relaxation and the residual effects were 
antagonized with neostigmine 2.0 mg preceded by 
atropine 1.0 mg. 

After surgery the patients were taken to the 
recovery room where they were observed for 
approximately 3 h. All the nurses in the recovery 
unit were taught by the investigators to monitor 
carefully the patient’s state and record the onset 
and duration of nausea and vomiting in addition 
to the type and dose of rescue antiemetic medi- 
cation given. The severity of symptoms were 
recorded using a scale of 0-4 (0 = none; 1 = mild 
on enquiry; 2 = moderate nausea noted without 
enquiry; 3 = vomiting occasionally; 4 = severe 
and repeating vomiting). Droperidol 1.25 mg i.v. 
(or metoclopramide 10 mg i.v. in one patient) was 
given if the patient vomited or spontaneously 
complained of nausea. 

Postoperative pain was treated with either 
buprenorphine 0.3 mg i.m. or 0.4 mg sublingually 
at DHV and oxycodone chloride 5 mg i.v. or 10 
mgi.m. in the recovery room or ward area at 
KUCH, respectively. Indomethacin 50 mg. i.v. 
was given after operation at DHS. Fluid loss was 
replaced with 0.3 % saline in 5% dextrose solution 
given at an approximate rate of 2-5 ml kg h“? 
until oral intake was sufficient on the first day after 
operation. Blood transfusion was given when 
indicated. 

After recovery but before transfer to the ward 
area, the observing nurse enquired after the 
severity of side effects such as dry mouth, 
difficulty in micturition, visual disturbance, ver- 
tigo and palpitations. On the second day after 
operation, the patient completed a questionnaire 
on the duration and severity of nausea or vomiting 
and their relation to specific activities such as 
eating, drinking or movements. The patients 
recorded also the severity and duration of side 
effects experienced in the ward area. 


Statistical analysts 


Data were analysed statistically using BMDP 
Statistical Software Package [13]. Treatment 
effect was analysed using the paired £ test 
(BMDP.3D). Nonparametric testing (Mann— 
Whitney U test) (BMDP.3S) was used for ordinal 
data and parameters not normally distributed, and 
Pearson’s Chi-squared test (BMDP.4F) for nom- 
inal data. 

RESULTS 

We studied 283 female patients of ASA classes I- 
III (table I). Twenty-six patients were excluded 
from analysis for the following reasons: the 
operation was cancelled or general anaesthesia 
was not given (18 patients); the patch was 
insufficiently fixed or fell off prematurely (three 
patients); re-operation was required (one patient); 
intraoperative bronchospasm unrelated to the trial 
preparations (one patient); the trial procedure was 
changed for administrative reasons (three 
patients). Fifty-three percent of the operations 
were gynaecological, 27.5% upper abdominal and 
the remainder mostly thyroid or breast surgery. 

There were no significant differences between 
the patients treated at the two centres. 


Nausea and vomiting 


There were no significant differences between 
the duration of nausea in the hyoscine group 
(mean 16.3 (SEM 5.2) min) and that in the placebo 
group (28.0 (8.9) min), in the frequency or severity 
of nausea and vomiting in the recovery room 
(fig. 1) or in the doses of rescue antiemetic 
medication given (table II). The overall frequency 
of nausea in the recovery room was 25.2% in the 
hyoscine group and 25.4% in the placebo group. 


TABLE I. Patient characteristics (mean (SEM) [range]) 


Transdermal 
hyoscine Placebo 
(n = 127) (n = 130) 
Age (yr) 42.88 (0.956) 41 22 (0,934) 
[18-72] [18—67] 
Weight (kg) 65.22 (0.995) 64 679 (0.873) 
[42-108] [48-106] 
Height (cm) 162 93 (0.51) 162.34 (0 52) 
[150-179] [145-175] 
Duration of 81 77 (5.56) 70.16 (4 35) 
operation [5-285] [6-317] 
(min) 
Duration of 106.82 (6 05) 95.28 (4.57) 
anaesthesia [25-315] [20-337] 
(min) 





0 
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Severity of nausea and vomiting 


Fic. 1. Number of patients given transdermal hyoscine or placebo who experienced nausea and vomiting 
i one; = moderat 


m. 0 = None; 1 = mild on enquiry 


e nausea noted without enquiry ; 


3 
3 = vomiting occasionally; 4 = severe and recurrent vomiting 


Number of patients 


There were no significant differences in the 
frequency or severity of nausea and vomiting on 
the ward (fig. 2). After 2 days in the ward, 21 % of 
the patients in the active hyoscine group reported 
having experienced nausea, vomiting or both, 
compared with 23% of the placebo group. The 





overall frequency of nausea in the ward area was 
53.5% and 56.5% in the hyoscine and placebo \, 
groups, respectively. 
Side effects 

There were no significant differences in fre- 
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TABLE II. Number of patients receiving antiemstic medication 
doses given tn the recovery room 


No. doses administered 
0 l 2 3 4 


107 16 2 1 0 
107 14 5 4 1 


Hyoscine 
Placebo 


TABLE III, Percentage of patients with reported side effects in 
the recovery room or on the ward (n= 257). *P < 0.05 
(Pearson Chi-squared test) 


Transdermal 
hyoscine Placebo 

Dry mouth (%) 

Recovery room 61.6 63.4 

Ward 83.9 3 65.4 
Visual disturbance (%) 

Recovery room 8.8 " 6.1 

Ward 36.8 * 16.9 
Vertigo (%) l 

Recovery room 4.8 7.6 

Ward 48.8 42.3 


quency (table III) or severity of side effects 
reported by patients in the recovery room. 
However, there was a significantly greater fre- 
quency of dryness of the mouth and visual 
disturbance in the hyoscine group on the ward 
(table IIT). 


DISCUSSION 


Hyoscine given i.m. has been shown to have a 
transient antiemetic effect when combined with 
morphine [14]. However, some patients have 
developed untoward side effects such as 
hallucinations and mental confusion [15]. With 
low doses this is rarely a problem, even though it 
has been observed in some patients [16]. 

In this study we found no significant difference 
in postoperative nausea or vomiting between 
groups receiving transdermal hyoscine or placebo. 
Similar results have been reported in two previous 
studies [17, 18]. Other investigators have shown a 
beneficial effect, although in small groups of 
patients with less control of operative procedure 
and anaesthetic [19, 20]. A study of patients given 
anaesthesia for uterine curettage found a small but 
significant advantage of transdermal hyoscine 
compared with placebo [21]. However, these 
patients were given anaesthetics of short duration, 
without tracheal intubation. Uppington and 
colleagues [22] found that transdermal hyoscine 


was effective for only the first 24 h efter surgery; 
this was thought to be caused by to_erance [23]. 

The overall frequency of nausea in our study 
was comparable to that observed previously [4]. 
Contrary to previous studies [24], we found no 
correlation between earlier experienzes of nausea 
and postoperative nausea. No dicference was 
found in the frequency of nausea between 
different types of operation or their duration, in 
contrast with previous studies [2, 25]. 

The method of administration of zhe drug was 
well accepted by both patients and the personnel. 
The patch adhered well to the skin and no local 
side effects were experienced. 

We conclude that, despite its eficacy in the 
prevention of motion sickness [10,11], 
transdermal hyoscine is ineffective in the man- 
agement of postoperative nausea and vomiting. 
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CHANGES IN RESISTANCE TO MOUTH OPENING 
INDUCED BY DEPOLARIZING AND NON-DEPOLARIZING 
NEUROMUSCULAR RELAXANTS 


A. 
J. 


SUMMARY 


Mouth opening was measured in 43 children 
anaesthetized with isoflurane and paralysed with 
vecuronium or suxamethonium. Measurements 
of mouth opening were made for up to 10 min 
after loss of the adductor pollicis twitch and 
cessation of muscle fasciculations. [n 22 patients 
receiving suxamethonium, a significant (P < 
0.007) reduction in mean mouth opening oc- 
curred in the 60s after loss of twitch and 
cessation of fasciculations. Mouth opening re- 
ductions could last for up to 10 min after the loss 
of twitch, beyond the return of the twitch. One 
patient experienced “masseter spasm”; he did 
not develop malignant hyperpyrexia during 2.5 h 
of isoflurane anaesthesia. Patients receiving 
vecuronium showed a significant (P < 0.0006) 
increase in mouth opening. In 20 subjects, mouth 
opening was generated with a small {1.67 N) 
and a larger (4.32 N} force. Proportionally equal 
reductions in mouth opening were obtained with 
either force after suxamethonium administration. 
Relatively equal increases with either force 
followed vecuronium administration. isolated 
masseter spasm is not pathognomonic for 
malignant hyperpyrexia. If the diagnosis of 
malignant hyperpyrexia is contemplated, signs of 
hypermetabolism, such as increases in end-tidal 
carbon dioxide concentration during constant 
minute ventilation, should be sought. 


KEY WORDS 
Anaesthetics volatile. isoflurane. Complications: masseter 


spasm, malignant hyperpyrexia. Neuromuscular relaxants: 


suxamethonium, vecuronium. 


Administration of suxamethonium during halo- 
thane anaesthesia is used widely in children to 
relax jaw musculature to facilitate tracheal in- 
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tubation. In a recent study we have demonstrated 
that jaw muscle tone fncreases after administration 
of suxamethonium [1]. This unexpected behav- 
iour raises a number of unanswered questions. 
For example, what mechanism underlies this 
response; is this behaviour dependent on the 
presence of halothane; does it occur when the 
mouth is opened by large as well as small test 
forces, and may it be caused by jaw muscles which 
were slow to relax? 

The present study was designed to examine the 
first two questions by comparing the effects of two 
dissimilar neuromuscular blockers, suxa- 
methonium and vecuronium, administered under 
isoflurane rather than halothane anaesthesia. The 
last two questions are examined by using two test 
forces and continuing measurements for an ex- 
tended period of time. 


PATIENTS AND METHODS 


We studied patients of ASA physical status I or 
II, who required general anaesthesia and tracheal 
intubation for an elective surgical procedure. 
Those with known temporomandibular joint 
(TMJ) or muscle disease or cranio—facial dis- 
proportions were excluded. Ethics approval was 
granted by the local committee for human ex- 
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perimentation and informed parental consent was 
obtained. Subjects were not premedicated. An- 
aesthesia was induced with increasing concen- 
trations of isoflurane and 66% nitrous oxide in 
oxygen. End-tidal carbon dioxide (Eco) con- 
centration was measured. Breath sounds, arterial 
pressure, electrocardiogram and temperature 
were monitored and an i.v. infusion was started. 
The adductor pollicis muscle twitch was evoked 
by transcutaneous stimulation of the ulnar nerve 
using supramaximal, square wave stimuli (fre- 
quency 1 Hz, 0.2 ms duration) and was monitored 
visually. The offset and onset of the twitch and of 
fasciculations were noted by an observer blinded 
to the neuromuscular blocker used. General 
anaesthesia was administered by a separate 
anaesthesia team, not by the investigators. An- 
aesthesia was deepened to a level sufficient for the 
patient’s trachea to be intubated as judged by 
clinical criteria such as heart rate, arterial press- 
ure, rate of ventilation, tidal volume, pupillary 
size, and the response to manipulation of the 
mandible and direct laryngoscopy. When the 
desired anaesthetic level was obtained, the con- 
centrations of anaesthetic gases were not changed 
until the end of the study period. The patient’s 
head was placed in the “‘sniffing”’ position. 

Forty-three patients were studied in the first 
part of this study. The mouth was opened for a 
baseline measurement (at time T,) by means of a 
constant test force of 1.67 N, applied via a traction 
device positioned over the central mandibular 
incisors, as described previously [1]. The test 
force was directed in the mid sagittal plane 
perpendicular to the mandibular plane. The 
separation of the maxillary to mandibular central 
incisors (D) was measured in the mid sagittal 
plane [1]. Either suxamethonium 1.5 mg kg" or 
vecuronium 0.1 mgkg! was administered i.v. 
randomly over 15s. Ventilation was controlled. 
When the thenar twitch was suppressed totally 
and after cessation of fasciculations (at T,), mouth 
opening (D,) was measured again, followed 45s 
later (at T,) by a third measurement, D,. In- 
tubation was performed usually at approximately 
90 s after T,. 

To establish how long mouth opening reduc- 
tions may last, we studied patients from the first 
part of this study who demonstrated a mouth 
opening reduction after suxamethonium at T, 
which was of the same magnitude or more than 
that measured at T,. Ten of 22 patients fulfilled 
this criterion. In these patients, measurements 
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were continued at l-min intervals until mouth 
opening had returned to 2 mm from baseline. 

For the third part of this study, 10 randomly 
selected patients received suxamethonium 1.5 mg 
kg i.v. and 10 patients in an age-matched group 
received vecuronium 0.1 mg kg™! i.v. during iso- 
flurane anaesthesia as described above. Mouth 
opening was produced at baseline (T,) by the 
application of the 1.67-N test force designated as 
D,, followed immediately by a second test force of 
4.32 N (approximately one pound of force), 
designated as D,’. These double measurements 
were repeated after the loss of twitch and 
fasciculations (T,) and 45s later (T;) with the 
incisal distances designated as D, and D,’, and D, 
and D,’, respectively. 

In the first part of this study, analysis of 
variance (ANOVA) was used to compare the two 
groups of patients. Their mouth opening values 
were compared by two-factor repeated measures 
ANOVA (rm-ANOVA). When significant inter- 
actions of the blocking drug and the repeated 
measures factors occurred, mouth opening was 
compared between the two relaxant groups by 
ANOVA and within each relaxant group over 
time by one-population repeated measures 
ANOVA (or-ANOVA). Probability values were 
adjusted for pairwise multiple comparison 
(Scheffé). Changes in mouth opening with respect 
to baseline (D,-D,, D,-D,) were compared by 
ANOVA. In view of the variation in mouth 
opening, mouth opening values were normalized 
with respect to the patient’s baseline values (D,). 
Thus normalized mouth opening at T,, T, and T, 
equal D,/D,, D,/D, and D,/D,, respectively ; 
subsequently they were compared by ANOVA. 

For analyses of the third part of this study, the 
differences in mouth opening, produced by the 
two consecutive forces, were calculated for each 
patient at each time (e.g. delta-D, = D,’-D,), and 
were compared between relaxant groups by 
ANOVA. The effects of vecuronium and suxa- 
methonium on the relative changes in mouth 
opening produced by the two forces at T, and T, 
were compared by rm-ANOVA. 


RESULTS 


The group of patients receiving suxamethonium 
did not differ significantly from those receiving 
vecuronium (table I). Because of inter-subject 
variability, the effects of the neuromuscular 
blockers and of the repeated measures were not 
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TABLE I. Details of patients receruing vecuromum or suxamethomum from the first and second part of 
this study (mean (SD)). No significant differences between groups (ANOVA) 








Age Height Weight Sex 

(yr) (cm) (kg) (M:F) 
Suxamethonium (n = 22) 6.3 (3.3) 117.7 (24.6) 25.0 (12.0) 13:9 
Vecuronium (n = 21) 7.2 (3.4) 126.7 (24.6) 30.9 (17.9) 14:7 


TABLE II. Mean (SD) mouth opening (mm) durtng isoflurane anaesthesia before admmmstration of neuromuscular blocker (D,) 

immediately after the loss of tuntch and fasciculations (D,) and 45 s later (D,). One-population repeated measures ANOVA 

demonstrated a significant difference of D, and D, with respect to D, in patients receiving suxamethomum (F = 52; * P < 0.0001, 

corrected for pairwise multiple comparison) and m the group receiving vecuronium (F = 11.2; ¢P<0.05; TTP <0 0001, 

corrected for multiple comparisons). Mean differences m changes of mouth opernng (D.-D,, D,-D,) and in normalized mouth 
opening, D,/D, and D,/D,, were significant between groups 

D, D; D, DrD, 


D:D, D,/D, 


0.73 (0.16) 


D,/D, 


Suxamethonium 19.8 (4.9) 14.9 (5.9)* 15.2 (6.0)* —4.9 (2.4) —4.5 (2.9) 0.76 (0.17) 


1.5 mg kg! 
(n = 21) 
Vecuronium 
0.1 mg kg! 
(n = 21) 
F (ANOVA) 5.4 2.6 
P (ANOVA) < 0.025 < 0.114 


16.6 (3.9) 17.4 (4 O)F 


3.11 
< 0.085 


18.0 (4.1)tt 


+0.81 (1.5) +1.5 (1.7) 1.06 (0.12) 1.10 (0 12) 


56.4 
< 0.0001 


54 8 
< 0.0001 


64.5 
< 0.0001 


86.2 
< 0.0001 





independent and separate analysis was under- 
taken. Mean absolute mouth opening was sig- 
nificantly different between the two relaxant 
groups at T,, but not at T, and T,, as a result of 
differences in baseline mouth opening (table II). 
However, the mean differences in change of 
mouth opening and the normalized mouth open- 
ing at T, and T, were significantly different 
between groups. When patients functioned as 
their own control (or-ANOVA), administration of 
suxamethonium was followed by a significant 
reduction in mouth opening, while vecuronium 
was followed by a significant change in the 
opposite direction (table II, fig. 1). The effects 
of differences in depth of anaesthesia between 
patients and groups are minimized in the latter 
analysis. One patient’s mouth was closed fol- 
lowing administration of suxamethonium; his 
data were omitted from statistical analysis. 

Ten patients in the first part of the study 
demonstrated a mouth opening reduction at T, 
equal to or more than that at T, following 
administration of suxamethonium. Their mean 
values are graphed separately in figure 1. These 
patients did not differ significantly (P > 0.05) in 
height, weight, age or baseline measurements 
from the other patients receiving suxamethonium. 

In the third part of the study the group of 
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Fic. 1. Mean (S&M bars) normalized mouth opening in 43 
children undergoing isoflurane anaesthesia. Baseline measure- 
ments were obtained at time T,, following which suxa- 
methonium 1.5 mg kg! (n = 22) or vecuronium 0.1 mg kg=! 
(n = 21) was administered 1.v. Immediately after the complete 
loss of the neurally evoked adductor pollicis twitch and fasci- 
culations (T,), mouth opening was measured again, followed 
by a third measurement 458 later (T,). In patients whose 
mouth opening at T, was reduced to the same magnitude or 
more as at T,, measurements were continued at l-min inter- 
vals. This subgroup 1s plotted separately, in addinon to the 
total suxamethonium group. RT = time of return of the 
adductor pollicis twitch. Vecuronium administration was 
followed by a significant increase in mouth opening while 
suxamethonium was followed by a reduction. P < 0.05; 
*P < 0.0001. 
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TABLE III. Details of patients m the third part of the study (mean “sp)). No significant differences 
between groups (ANOVA) 














Age Height Weight Sex 
(yr) (cm) (kg) (M:F) 
Suxamethonium (n = 10) 7.6 (3.0) 129.4 (17.9) 29.1 (10.6) 6:4 
Vecuronium (n = 10) 7.9 (3.6) 129.8 (26.5) 32.1 (18.0) 7:3 
16 16 
£14 14 —_———_—_ +" 
2 
8 12 ee o) all 
= 10 10 
Ə 
g 06 0.6 
£ 04 Suxamethonium o 17-N test force 0.4 Vecuronium o 1.7-N test force 
= 92 x44-Ntest force 02 x4 4-N test force 
0 0 
Tima Time 


Fig. 2. Mean (SEM bars) normalized mouth opening, produced by a 1.67-N test force followed 

immediately by a 4.36-N force in 10 children receiving suxamethon:um 1.5 mg kg™ i.v. and ın 10 age- 

matched children who received vecuronium 0.1 mg kg”! i.v. during isoflurane anaesthesia. Mouth 

opening was measured before administration of the blocker (T,), after the complete loss of the neurally 

evoked adductor pollicis twitch and fasciculations (T,), and 45 s later (T,). The proportional changes 

observed with the low test force did not differ from those observed with the greater force (P > 0.05). 
There is a significant difference between suxamethonium and vecuronium (P < 0.0001). 


TABLE IV. Mean (SD) mouth opentng (mm) during tsoflurane anaesthesia tn the third part of the study, before administration of neuro- 
muscular blocker (D,, D), immediately after the loss of twitch and fasciculatwons (D, D) and 45s later (D3, D3). Mean 
values, normalized unth respect to D,, are also grven 


D, D, D, D’ D; D; D/D, D/B, D,/P, D,’/D, D,/D, 
Suxamotbomyum 198 (42) 150 (57) 162(52) 274(58) 213(63) 219(57) 074018) 081(015) 139(013) 107(010 111(019) 
15 mg kg’ 
(n = 10) 
Vecuronium 185(35) 19633) 205 (33) 231(45) 26.5(32) 26.7(49) 1070.16) 112(015) 138 (0.26) 145 (0.27 1.47 (0.31) 
01 mg kg 
(n = 10) 
F (ANOVA) 0 56 48 49 099 4.1 40 192 20 5 001 149 99 
P (ANOVA) <0 46 <0 04 <004 <0 33 < 0 06 < 0.06 < 0 0004 < 00003 <093 < 0001 < 0 006 


patients receiving suxamethonium did not differ 
from that receiving vecuronium (table ITI). The 
differences in mouth opening for the two con- 
secutive forces (delta-D,) between the relaxant 
groups were not significant (ANOVA, P > 0.05) 
at T,, T,, or T, (fig. 2). The effect of suxa- 
methonium on the relative change in mouth 
opening differed significantly from that of vecu- 
ronium (F = 36; P< 0.0001, two factor rm- 
ANOVA) (table IV). The proportional changes 
observed with the low test force did not differ 
from those observed with the greater force (two 
factor rm-ANOVA, P > 0.05). 


The time required to achieve a\level of anaes- 
thesia sufficiently deep to permit intubation of the 
trachea, as determined by the anaesthesia team, 
was 8—14 min of inhalation with 3—5 % isoflurane. 
The adductor pollicis twitch was abolished in all 
patients, in 40.7(18)s (mean (sD) following 
suxamethonium administration and in 83.5 (23) s 
in those receiving vecuronium. Sixty-eight per- 
cent of patients receiving suxamethonium showed 
fasciculations starting at 12.7 (8)s. The reduc- 
tions in mouth opening in subjects receiving 
guxamethonium occurred when limb and ab- 
dominal muscles were flaccid. Isoflurane anaes- 
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thesia was continued in all patients as indicated by 
the surgical procedure, which lasted in excess of 
1 h in the majority of patients. Temperature and 
E’co, Values stayed within the limits for normal 
clinical anaesthesia for the duration of the op- 
erative procedures. No patient developed a hyper- 
metabolic state. 

The mouth of one patient stayed closed shut for 
2.5 min following administration of suxa- 
methonium. After 11.5 min, his incisal distance 
had not returned to the baseline opening. Tracheal 
intubation was undertaken approximately 13 min 
after administration of suxamethonium. His vocal 
cords could not be visualized, but the trachea was 
intubated successfully at the third attempt. Gen- 
eral anaesthesia with isoflurane was continued for 
2.5h without changes in E’g9, or temperature. 
The changes in this patient’s mouth opening are 
included in figure 1. 


DISCUSSION 


Optimal conditions for tracheal intubation include 
relaxation of the jaw muscles and vocal cords, and 
immobilization of the body, providing unhindered 
access to the larynx. These conditions can be 
attained by deep general anaesthesia with iso- 
flurane or by light general anaesthesia supple- 
mented by neuromuscular block. During iso- 
flurane anaesthesia, neuromuscular blockers may 
increase the magnitude of relaxation and mouth 
opening depending on the depth of anaesthesia 
[2]. In this study, vecuronium administration 
increased mouth opening, a finding which is 
consistent with loss of tone in human limb and 
abdominal muscles [3] and with non-depolarizing 
block of neuromuscular transmission in twitch 
fibre muscle [4]. However, administration of 
suxamethonium was followed by a reduction in 
mouth opening, representing an increase in stiff- 
ness of jaw muscles [1]. These changes are 
contrary to those expected on the basis of the 
empirically established effects of neuromuscular 
blocKers on the tone of normal human limb and 
abdominal muscles and to the effects of vecu- 
ronium on jaw muscle tone. 

Mean mouth opening of the depolarizing 
muscle relaxant group was larger at baseline than 
in the non-depolarizing group. It is possible that 
the former group was anaesthetized more deeply 
than the latter. Addition of a blocking drug in the 
depolarizing group would be expected to increase 
mouth opening to a lesser degree than observed in 


the non-depolarizing group, if both groups had a 
similar mouth opening capacity. As the inspired 
concentrations of isoflurane were not changed 
during controlled ventilation, the anesthetic level 
was either the same or deeper at the time of 
subsequent measurements. Deepening the level of 
isoflurane anaesthesia would be expected to 
decrease muscular tone in a dosz dependent 
manner. As during halothane anazsthesia, jaw 
muscle tone was increased also after suxa- 
methonium administration during isoflurane an- 
aesthesia in the present study, despite the different 
effects of these anaesthetic agents on neuro- 
muscular block [5, 6]. 

An essential difference between depolarizing 
and non-depolarizing neuromuscular blocking 
agents is that the former initiate depolarization of 
the end-plates of twitch fibre muscles which 
elicits an action potential propagating along the 
muscle membrane, followed by an initial con- 
traction and subsequent relaxation of that fibre. 
However, the agonist actions at the acetylcholine 
receptors continue unabated, action potentials are 
no longer generated and propagated, no further 
contractions occur, and the normal twitch fibre 
muscles demonstrate loss of tone. Neuromuscular 
transmission is restored when the depolarizing 
agent has diffused away from the encplate region. 
Consistent with these phenomena az the cellular 
level, are the “agonist effects ” associated typically 
with depolarizing agents, including rapid onset, 
fasciculations and movements of limb muscle. 
However, profound relaxation of normal mam- 
malian limb muscle and continued inhibition of 
neuromuscular transmission are caused also by 
the typical agonist effects. The non-depolarizing 
neuromuscular blockers lack the cypical signs 
resulting from stimulation of the cholinergic 
neuromuscular receptors. 

It has been suggested that reductions in mouth 
opening after suxamethonium administration re- 
sulted from “normal agonist” effects [7]. Al- 
though fasciculations and limb muscl= movements 
may be thought of as normal agonis= effects, and 
which may indeed represent periods of increased 
muscle tone, they occur usually within two to 
three circulation times (less than 1 min) after 
administration of suxamethonium and cease be- 
fore, during or, occasionally, shor-ly after the 
abolition of the neurally evoked adductor pollicis 
twitch. In this study, mouth openirg reductions 
were present in the 1 min after loss of twitch, after 
cessation of fasciculations and for up to 10 min 
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thereafter—that is, throughout the period of 
complete twitch suppression in flaccid limb 
muscle and beyond the return of twitch. Thus the 
increased jaw muscle stiffness occurred during the 
entire period of normal agonist actions of suxa- 
methonium on limb twitch fibre muscle. The 
increased jaw muscle tone is not consistent with 
normal agonist effects on human twitch fibre 
muscle such as that found in the extremities, but 
it may be the result of its agonist effects on 
different muscle fibre types such as slow fibres, as 
present in human and mammalian extraocular and 
other muscles [4, 8]. 

Rosenberg proposed that the “‘sensitivity”’ of 
the technique in opening the mouth (i.e. with a 
1.67-N force) permitted measurement of the 
normal agonist effects of suxamethonium [7]. He 
postulated that the increased resistance to mouth 
opening would be quantitatively different from 
masseter muscle rigidity. However, it is apparent 
that mouth opening, obtained at a larger force of 
4.32 N, was reduced to the same proportions 
following administration of suxamethonium as 
observed with the smaller force of 1.67N. We 
conclude that increases in jaw muscle stiffness 
after administration of suxamethonium are de- 
monstrable at moderate levels of force. 

As the effect of suxamethonium on jaw muscle 
tone is likely to be distributed normally, an 
occasional patient may be expected to demonstrate 
an exaggerated response, representing one end of 
the range of normal responses. This is exemplified 
by the jaw closure in one patient in this study. 
Although tracheal intubation was hindered initi- 
ally, mouth opening increased as the effects of 
suxamethonium wore off. He did not develop a 
hypermetabolic state—the hallmark of malignant 
hyperthermia. 

Alternatively, this patient may be regarded as 
having experienced ‘‘masseter muscle rigidity” 
[7]. There are only three reports with sufficient 
clinical data provided to deduce that masseter 
spasm occurred in isolation—that is, signs or 
symptoms of hypermetabolism were not present 
and specific therapy was not required. Our patient 
was similar to these reports. In the first of these 
studies [9], the authors acknowledged that the 
elective diagnosis of malignant hyperthermia 
susceptibility (MHS) is controversial and that the 
significance of isolated masseter spasm depends 
on the!ifiterpretation of the muscle biopsy test. In 
the second study [10], all patients were considered 
MHS on the basis of the (no longer accepted) 
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calcium uptake test [11]. Anaesthesia was dis- 
continued in the latter two studies. However, in a 
recent report [12], anaesthesia was continued in 14 
of 15 patients for up to 1 h (all patients received 
halothane except three who received an opioid— 
relaxant technique). A hypermetabolic state did 
not develop in any patient. One patient developed 
wheezing with cyanosis, hypercapnia and mas- 
seter spasm shortly after induction of anaesthesia 
with halothane and suxamethonium. Dantrolene 
was given and the procedure was continued. 
Other signs or symptoms of hypermetabolism did 
not develop. All patients recovered uneventfully, 
while two had subsequent anaesthetics with 
halothane and suxamethonium or atracurium 
without untoward events. 

It is clear from the latter and the current study 
that hypermetabolic activity does not necessarily 
follow isolated masseter spasm even when an- 
aesthesia is continued. Isolated masseter spasm 
occurs more frequently than the estimated in- 
cidence of MH and, although isolated masseter 
spasm is an uncommon sign, it does not differ- 
entiate subjects susceptible to hypermetabolism. 
If the diagnosis of malignant hyperpyrexia is 
contemplated, signs of hypermetabolism should 
be sought. Monitoring of Eco, concentrations 
during constant minute ventilation is a more 
sensitive and specific test for the early detection of 
hypermetabolism characteristic of MH. 
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A SIMPLIFIED APPROACH TO THE EFFECT KINETICS OF 


ATRACURIUM 


G. G. GRAHAM, D. TSUI AND T: A. TORDA 


SUMMARY 


The combination of the Hill equation, which 
describes the concentration—effect relation, with 
the monoexponential function for the terminal 
decline of plasma concentration, yields a com- 
pound time constant, T#. This constant 1s a 
combination of the terminal elimination half-life 
(T£) and the exponent {s} of the Hill equation 
and may be used to describe the time course of 
recovery from neuromuscular block. The con- 
stant may be estimated by non-linear curve 
fitting to f, the effect expressed as fraction of 
maximal effect, or by linear regression of the logit 
function of f. The methods were validated using 
plasma concentration and effect data from seven 
patients administered atracurium. The two 
methods utilizing effect data alone yielded values 
of 4.2 (0.7) min and 4.3 (0.5) min (mean (SEM})), 
respectively, for T* compared with 4.1 (0.6) min 
when the constant was calculated using plasma 
concentration data for T$ and curve fitting to the 
concentration-effect data to determine s. These 
methods offer an objective measure of the rate of 
recovery and a means of testing if redistribution 
or elimination ts the primary process in the 
termination of drug effect. 


KEY WORDS 

Neuromuscular blockers. atracurium Pharmacokinetics. 
kinetics 

Pharmacokinetic studies generally involve 


measurement of the time course of plasma con- 
centrations of drugs. Such studies have been 
useful in determining the rates of absorption, 
distribution and elimination of drugs and have 
greatly assisted the design of dosage schedules. 
There has, however, been surprisingly little effort 
devoted to the analysis of the time course of effect 
of drugs. In this paper we present a simple 


method for analysing the time—effect relationship, 
that is, the kinetics of the effect of drugs. The 
method has been applied to the analysis of the 
effects of the neuromuscular blocking drug, 
atracurium, during its terminal elimination phase, 
but the method is applicable to the examination of 
the time-effect relationships of other drugs with 
clearly measurable effects and known maximal 
effect. 
The analysis is based on the Hill equation: 


f= C/C + EC) (1) 


where f= intensity of effect, expressed as a 
fraction of maximal effect; C = plasma concen- 
tration; EC, = plasma concentration associated 
with 50°, of the maximal effect; s = a constant 
(the Hill exponent). If the intensity of effect is 
related to the plasma concentration by the Hill 
equation (equation (1)), EC,, and s are constants, 
it follows that the rate of recovery is related to the 
time course of C*. During the terminal elimination 
phase, the half-life of C, and hence that of C’, is 
constant, and their relationship is given by (see 
Appendix): 


T = TF / S (2) 


where T,* and T,? are the half-lives of C* and C, 
respectively. The relationship of T,™ to the rate of 
recovery of drug effect is shown in figure 1. The 
derivation of the equations used to determine Bs 
are shown and discussed in the Appendix. The 
value of T,™ may be found from equation (2) after 
determination of T, from analysis of plasma 
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FIG. 1. Relation between effect, as fraction of maximal effect 

(f) and C^, expressed here as multiples of the EC,,. The m- 

terval between the plotted points represents a two-fold 

change in C™, thus the corresponding change in effect occurs 
over a ume of 7°, 


samples, by classical pharmacokinetic methods, 
while the value of s is determined from the 
relationship between effect and plasma concen- 
tration of the drug (equation (1)). Alternatively, 
however, the value of T,’ can be found also from 
the time course of the effects of a drug, without 
recourse to plasma concentration measurements. 

Because recovery following the usual clinical 
doses of atracurium (> 300 ug kg~") takes place in 
the “log-linear” elimination phase, the plasma 
concentration during recovery can be approxi- 
mated by: C= Bef (3) 


This can be substituted in equation (1) to yield: 
dada (4) 


where t is time from drug administration and f,, 1s 
the time associated with 509, recovery (f = 0.5). 
Rearrangement of equation (4) yields: 


JiG=peHerjer™ (5) 
and, in logarithmic form: 
InGf/(1 —f)) = Bs(t50— t) (6) 


The function f/(1—f) has been termed the 
linearized effect [1], while the logarithmic form, 
In(f/(1 —f)) is the logit transformation of the drug 
effect [2]. For a neuromuscular blocking drug, 
this has been termed the logit blockade [3]. 
Fitting the time course of effect data to either 
equation (4) or equation (6) allows the com- 
putation of the complex constant Bs, from which 
the value of 7; can be derived. This latter can be 
used to describe the time course of recovery. 
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METHODS 


The data used to validate the methods discussed 
above were derived from our previous pharmaco- 
kinetic study of atracurium isomers [4]. In the 
eight patients included in that study, the force of 
evoked maximal contraction (0.1 Hz) of the ad- 
ductor pollicis was recorded on a chart recorder. 
In one patient, anticholinesterase was admin- 
istered to hasten recovery, so data from this 
patient are excluded from this paper, leaving 
effect data from seven patients for analysis. In all 
seven patients, response was initially abolished. 
Measurements of the response were commenced 
25 min after administration of the drug, or later, 
when it was again possible to measure twitch 
height with some accuracy. 

The assay methods also were described in our 
previous publication [4]. For the purposes of this 
study, the total atracurium concentration was 
calculated as the sum of the C-C and C—T isomers 
as, after 20 min, the concentration of the T-T 
group was less than limits of detection. 

The complete time course of total atracurium 
concentrations was fitted to a biexponential equa- 
tion using the Asystant* (McMillan Software) 
software package: 


C= A.e%+B.e% (7) 


where A, a, B, B are constants. As the blood 
samples were not always taken at the same time as 
the measurement of twitch height, the plasma 
concentrations were calculated by the use of 
equation (7) from the optimal values of A, a, B 
and B. The optimal values of s and EC,, were 
determined by non-linear curve fitting of the 
effect—concentration data (equation (1)) and the 
value of T,” was calculated (see Appendix) from: 


T! = 0.693/Bs = T}/s (8) 


To determine Bs and t, from effect data alone, 
the Asystant* computer program was used to fit 
the effect data during recovery to equations (4) 
and (6), using non-linear curve fitting and linear 
regression, respectively, to yield optimal estimates 
of the combined constant Bs and the value of tso- 
The constant 7," was calculated from equation 
(8). 

The two values for T” obtained from effect data 
alone were compared, and each was compared also 
with the value obtained using plasma concen- 
tration data, by paired ż tests. All grouped data are 
presented as mean (SEM). 


t/(1-f) 
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Fic. 2. Time courses in. A: Fractional inhibition of twitch 
height (f). Curve represents the optimal fit to equation (3). 
B: Plasma concentrations (C) of atracurium. Curve represents 
the optimal fit to equation (6). c: Functions f/(1—f) and ©, 
where s is the exponent in the Hull equation (equation (1)). 
Only the terminal log-linear phase of the plot of C" vs time 18 
shown The parallelism between the two linear plots 1s con- 
sistent with the theoretical analysis described in the Appen- 

dix. The time scale is identical in the three panels. 


RESULTS 


The doses of atracurium used (300-500 pg kg™) 
caused total inhibition of the twitch in all patients. 
Recovery of the twitch commenced at 20-50 min 
after dosage and had recovered to greater than 
90°, of control value after 50-105 min. 

The time course of atracurium concentrations 
was fitted well by equation (7) and no systematic 
deviations were noted from the optimal plots. 
During the period of recovery (20-105 min), the 
total concentration of atracurium declined in a 
log-linear fashion (fig. 2). The mean terminal 
elimination half-life of total atracurium was 17.5 
(2.6) min. 

The relationships of the plasma concentrations 
of atracurium and its effect as measured by 
inhibition of twitch height, were described well 
by the Hill equation (fig. 3) with r° greater than 
0.97. The mean values for s and Cs) were 4.2 (0.8) 
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Fic, 3. Relationship between fractional inhibition of twitch 
height (f) and plasma concentration (C) of atracurium in one 
patient. Curve represents the optimal fit to equation (1). 


and 0.27 (0.04) mg litre7!, respectively. The time 
course of effect was described well by equations 
(4) and (6) (fig. 2) and the mean values of ry 
fitted to these two equations were 4.2 (0.7) min 
and 4.3 (0.5) min, respectively. In comparison, 
when T,™ was calculated from separate deter- 
minations of TP and s (equations (7), (8) and (1)), 
involving plasma analysis and measurement of 
effect, the value was 4.1 (0.6) min. These values 
did not differ significantly. 

The half-life of C*, T”, is considerably shorter 
than the terminal half-life of the total drug in 
plasma, T, as s is greater than 1. The estimates of 
the t; obtained by fitting to equations (4) and (6) 
were similar and also agreed closely with the 
values obtained from curves fitted to the Hill 
equation (equation (1)). The semi-logarithmic 
plot of the function f//(1—/f), vs time was linear 
and parallel to the semi-logarithmic plot of C* vs 
time (fig. 2), as predicted (see Appendix) from 
equations (6) and: 


In C = s.In B— Bst (9) 


DISCUSSION 


Both the logit function and the Hill equation are 
used widely in the analysis of drug effects. The 
logit function has been used in the analysis of 
dose-response relationships of drugs [3,5], in- 
cluding atracurium [6], while the intensity of 
effects of drugs has been correlated frequently 
with concentrations in isolated tissue preparations 
in vitro or with plasma concentrations in vivo by 
the use of the Hill equation. This paper demon- 
strates that equations derived simply from the 
Hill equation can relate intensity of effect to time 
(equations (4) and (6)), although such equations 
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have been used very rarely in the analysis of the 
kinetics of drug effect. It was noted previously 
that the logit blockade of atracurium and pan- 
curonium declined linearly with time [3, 7], but 
no theoretical background for this behaviour was 
presented. A relation between Bs and the rate of 
recovery has also been noted previously [8], but 
the concept of a TP was not suggested, nor was it 
indicated that this constant could be derived 
without assays of drug concentration. 

Semi-logarithmic plots of the function f/(1—/f) 
have been used in the analysis of the pharmaco- 
kinetics of miotic and mydriatic drugs [2]. With 
such drugs s is unity [9]; consequently, semi- 
logarithmic plots of f/(1—f) vs time yielded 
directly the half-life of removal of these drugs 
from their site of action in the iris. In the present 
study, although s was greater than unity, the 
linear relation of the semi-logarithmic plot re- 
mains, with s>1 increasing the slope of the 
relationship. 

The half-life, T^, incorporates the exponent s 
from the Hill equation. For any particular drug, 
the effect chosen for measurement may vary the 
value of s. For example, in the present study, the 
mean value of T,™ was 4.2 min. In comparison, 
analysis of the effect of the same dose of 
atracurium on sustained tetanic contraction [3] 
yielded a mean half-life of 2.6 min. The differ- 
ences may be related more to the method of 
measurement of effect than to differences in the 
terminal half-life of the drug, as the terminal half- 
life of atracurium is remarkably uniform [10, 11]. 
The elimination half-life in the present study, 
17.5 (1.5) min (mean (SEM)) may be compared 
with previously reported values of 19.9 (2.1) min 
and 20.1 (3.9) min. The values of the constants in 
the Hill equation, s and EC,,, were also similar 
to those found previously: 4.5 (0.8) and 0.26 
(0.04) mg litre"! in the present study, compared 
with values of 4.6 (0.5) and 0.29 (0,04) mg litre7! 
found by Ward and Wright [6]. 

The optimal value of T" may be determined 
from the time course of the effect of drugs by non- 
linear regression using equation (4) or by linear 
regression using equation (6). In the present 
studies, it was found that fitting the experimental 
data to these two equations yielded similar values 
of T. However, in general, it would appear 
preferable to determine the optimal value of the 
complex constant, Bs, and hence the value of 7,'* 
by non-linear regression using equation (2), as 
any error in f leads to a larger fractional error in 
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the function f/(1 —f). Such errors may weight the 
determination of the value of T,™. The practical 
value of the function //(1—f) is that it should be 
directly proportional to the value of C," (C, is the 
concentration of unbound drug at its site of 
action). Hence, semi-logarithmic plots of f/(1 —/f) 
vs time should show the same phases as the time 
course of concentrations of free drug at its sites of 
action. Thus the identification of uptake, dis- 
tribution or elimination phases of a drug at the 
biophase is possible. In the present study, semi- 
logarithmic plots of f/(1 ~f) vs time were always 
linear, indicating that the recovery phase occurred 
always during the terminal phase of elimination of 
the drug. Non-linearity of the semi-logarithmic 
plot of f/11—f) vs time could arise, if the Hill 
equation were not appropriate to describe re- 
covery, or if redistribution were still operative 
during recovery. The use of the linear equation 
(6) also has the advantage that it can be performed 
on pocket calculators possessing logarithmic and 
linear regression functions. 

The analysis of the time course of effect of a 
dose of a neuromuscular blocking drug, as 
outlined in this paper, does not yield as complete 
an understanding of the pharmacokinetics and 
pharmacodynamics of the drug as is supplied by 
simultaneous studies of effect and plasma concen- 
trations—studies of the type conducted by Hull 
and colleagues [12] and Sheiner and colleagues 
[13]. Nonetheless, the present work shows that 
the time course of effect of a single dose of a 
neuromuscular blocking drug can be analysed in 
more detail than has been the case in previous 
studies. The methods outlined are applicable 
particularly to the analysis of the effect kinetics of 
myoneural blockers, as their effect is easily 
measured and, furthermore, their maximal effect 
is full paralysis and is thus known. With other 
drugs the maximal effect must be determined after 
administration of large doses [2] or extrapolated 
from the results of the study. 

Determination of the half-life of the complex 
constant C*, which we have called T”, from effect 
data alone, is useful in understanding the rate of 
recovery from neuromuscular block. It permits 
construction of the recovery curve from obser- 
vation of early recovery (fig. 1). This half-life can 
also serve as an objective variable for comparisons 
of recovery rates of drugs. Furthermore, a plot of 
the logit blockade permits the identification of 
onset of redistribution and elimination phases 
during recovery from atracurium or other drugs. 
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APPENDIX 
The effect of a drug 1s often related to its plasma concentration 
by the Hill equation: 


f=C/(C+ECy) (1) 


(The abbreviations were given in the Introduction.) Strictly, 
the concentration terms in the Hill equation refer to concen- 
trations at the active site but, during the terminal elimination 
phase, plasma concentrations are generally assumed to be 
proportional to those at the active site. In the case of 
neuromuscular blocking drugs, analysis of the pharmaco- 
kinetics of pancuronium [12], tubocurarine [13] and atra- 
curtum [11] indicates the existence of such proportionality 
during recovery. It 18 reasonable, therefore, to discuss the 
effect of a drug ın relation to the plasma concentration during 
the terminal elimination phase [14] 

As EC,, is a constant, it can be seen from the Hill equation 
that the intensity of effect of a drug 1s dependent upon the 
magnitude of the function C* and, therefore, the ume course of 
effect must be related to the nume course of C*. During the 
terminal elimination phase, the plasma concentration declines 
in a monoexponential fashion. 


C = Be™ (3) 
In the logarithmic form. 
InC = InB—Br 


where B and f are constants 
It follows that the function C changes with time according 
to the equation’ 


(10) 


Ct = Bre Pv 
In the logarithmic form. 
In C" =s.InB—Bst (9) 


According to equations (9) and (10), semu-logarıthmic plots of 
both C and C" vs ume are linear provided equation (3) is valid. 
If s> 1, as is the case for reversibly acung neuromuscular 
blocking drugs, the semi-logarithmic plot of C" vs ume is 
steeper than that of C. 

It also follows from equations (9) and (10) that the half-life 
of C is given by 


(11) 


TP = 0 693/Bs = T,*/s (8) 


where TP and Tf are the half-lives of C* and C, respectively, 
during the terminal elimination phase. Thus Tř 1s shorter 
than T,P ifs > 1 
From equation (3), the concentration at 50°, recovery, 
EG, is‘ 
EC,, = Be M» 


therefore, substituting ın equation (1) from equations (3) and 
(12) and cancelling common terms yields. 


j= mind Ke peP a) (4) 


Non-linear fitting of the tıme course of effect according to 
equation (4) yields values of r,,, and the combined constant (3s, 
from which the value of T 1s easily calculated by equation (8) 

Alternatively, equanon (4) can be rearranged to yield 


equation (5): 
SIA- =e Pi je Ma (5) 


(12) 


and, ın logarithmic form. 


In({/(1—)) = Bs(t,,—#) (6) 
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According to equation (6), the semi-logarithmic plot of the 
function {/(1—/) 1s linear with a slope of ~— Bs and, fur- 
thermore, the plot is parallel to the sem-loganthmuc plot of C 
vs nume (equation (9)) Consequently, the half-lives of C* and 
f/(A—fM are the same and the magnitude of 7, can be 
determined from effect data alone by the use of each equation. 
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LOWER OESOPHAGEAL REFLUX DURING PRIMING WITH 


VECURONIUM 


C. MARTIN, J.-C. GUILLEN, B. DUPIN, J. RAGNI, P. AKNIN AND 


F. GOUIN 


SUMMARY 


We have studied the effects of vecuronium given 
in divided doses (priming principle) on the 
frequency of acid reflux into the oesophagus. 
Two groups of 16 patients were studied. After 
induction with thiopentone 6 mg kg and fen- 
tanyl 3 ug kg, patients in one group were given 
vecuronium 0.01 mg kg“ as a priming dose, 
followed by an intubation dose of 0.1 mg kg™' 
4 min later. Patients in the other group were given 
no priming dose. Lower oesophageal pH was 
monitored continuously and acid reflux was 
defined as a decrease in pH to less than 4.0. One 
patient in each group had acid reflux during the 
time course of the induction. This study suggests 
that vecuronium 0.01 mg kg™ given as a priming 
dose does not increase the risk of acid reflux into 
the oesophagus. 


KEY WORDS 


Neuromuscular relaxants: vecuronium, priming dose. Gas- 
trointestinal tract. oesophagus, reflux Complications acid 
reflux 


The relatively slow onset time (time from adminis- 
tration to 95-100% neuromuscular block) of 
vecuronium lirnits its usefulness in rapid-seguence 
induction of anaesthesia [1, 2]. Onset time may be 
decreased by administration in divided doses 
(priming principle) [2, 3]. A case of pulmonary 
aspiration has been reported following the use of 
vecuronium 0.02 mg kg“! as a priming dose [4]. 
Gastric regurgitation and secondary pulmonary 
aspiration were attributed to sensitivity to non- 
depolarizing neuromuscular blocking drugs. The 
safety of the priming principle with regard to the 
lower oesophageal sphincter and subsequent re- 
gurgitation of stomach contents has not been 
established. 


The present study was designed to evaluate the 
risk of acid regurgitation into the oesophagus after 
administration of the recommended priming dose 
of vecuronium (0.01 mg kg) [2, 3]. An oeso- 
phageal probe was used to provide continuous 
measurement of the pH in the lower oesophagus. 


PATIENTS AND METHODS 


Following institutional approval and informed 
consent, 32 patients (ASA class I or IT) were 
studied. All patients were scheduled to have 
elective thoracic surgery. No patient had a 
nasogastric tube inserted or had received anti- 
cholinergic drugs, antacids or H,-receptor antago- 
nists. No patient had a clinical history of gastro- 
oesophageal reflux. They were premedicated with 
flunitrazepam 0.015 mg kg! i.m. approximately 
45 min before induction of anaesthesia. 

After admission of the patient to the operating 
room and before anaesthesia, a soft plastic pH- 
probe, approximately 3mm in diameter and 
containing a combined glass electrode (Ingold) 
was inserted into the patient’s oesophagus, via the 
nose to permit continuous monitoring of lower 
oesophageal pH until the trachea was intubated. 
The probe was connected to a portable, self- 
programmable pH-meter (Proxima Light 1 com- 
puter, Proxima Electronic Company, Mantova, 
Italy). The probe was calibrated with two ref- 
erence solutions (pH 4 and pH 7). The range of 
the pH-meter was from 0.1 to 12.9, with a 
resolution of 0.1 and a precision greater than 1% 
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[5]. Up to 15000 pH values can be stored in a 
solid-state memory. During the procedure, pH 
measurements were obtained at 2-s intervals. 
Data were analysed at the end of the procedure by 
transcribing the stored values on a printer giving 
a continuous record of pH for each patient. 

The probe was positioned while the patient was 
seated on the operating table. To ensure that the 
probe was positioned correctly in the lower 
oesophagus, the following procedure was adopted. 
The nasal mucosa was anaesthetized and the 
probe advanced into the hypopharynx. The 
patient was then asked to swallow the probe until 
pH 1 or 2 was obtained, indicating that the probe 
had reached the stomach. It was then withdrawn 
approximately 5-6 cm to obtain a stable pH of 
between 5 and 7 and the probe was considered to 
be in the lower oesophagus [5, 6]. The probe was 
secured to the nose to avoid any displacement 
during anaesthesia. In one patient, a gastric pH of 
I or 2 could not be obtained, and the patient was 
excluded. 

An internal clock in the computer allowed the 
program to determine the time at which an event 
took place. The standard program calculated the 
beginning and end of any periods of acid reflux, 
defined as episodes of pH < 4 [6]. The computer 
also recorded the timing of the sequence of events 
during induction of anaesthesia and subsequently 
printed them on the pH record. 

Anaesthesia was induced with patients in the 
supine position. Thiopentone 6 mg kg t i.v. and 
fentanyl 3 ug kg i.v. were given and increments 
of thiopentone 50 mg i.v, were administered if the 
eye-lash reflex was not abolished. During the 
study, anaesthesia was maintained with 50% 
nitrous oxide in oxygen via a face mask. 

Neuromuscular function was monitored using 
the electromyogram (Relaxograph Monitor 
Datex). When a stable electromyographic res- 
ponse was obtained after injection of thiopentone 
and fentanyl, patients were assigned randomly to 
one of two groups. Patients in group 1 were given 
no priming dose of vecuronium and received 
normal saline 10 mli.v. as placebo. Patients in 
group 2 were given a priming dose of vecuronium 
0.01 mg kg™ i.v. The anaesthetist performing the 
manual ventilation was blinded to the treatment. 
The lungs of patients in both groups were 
ventilated manually for 4 min and vecuronium 
0.1 mg kg! was given i.v. in both groups; the 
trachea was intubated after 95-100 % depression 
of the elecromyographic response had occurred. 
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For each patient, onset time of effect of vecu- 
ronium was measured. During the period of 
manual ventilation, end-tidal carbon dioxide con- 
centration was monitored and maintained at 
45%. 

Results are given as mean (SD). Statistical 
evaluation of variations in pH values for each 
subject during the procedure, and variations 
between the two groups were performed using 
analysis of variance, Student’s ¢ test for unpaired 
data and Chi-square test where appropriate. P < 
0.05 was chosen as significant. 


RESULTS 


There were 16 patients in group 1 (12 male), of 
mean age 51 (14) yr and mean weight 64 (11) kg. 
There were 16 patients in group 2 (13 male), of 
mean age 55 (11) yr and mean weight 68 (12) kg. 
There was no difference between the groups with 
regard to age, weight and sex ratio. 

The time to tracheal intubation was shortened 
significantly when a priming dose was given: 
group 1 = 202 (55) s; group 2=129 (24) s 
(P < 0.005). 

Lower oesophageal pH varied between 1 and 
6.9. The pH values at the different stages of the 
induction of anaesthesia did not differ between 
the two groups (table I). One patient in each 
group had acid reflux during induction of an- 
aesthesia. The patient in group 1 had an 8-min 
reflux before induction of anaesthesia and a second 
episode starting just before the injection of 
thiopentone and finishing before the injection of 
vecuronium. The pH remained > 4.0 thereafter. 
The patient in group 2 had an episode of reflux 
which commenced with the injection of thio- 
pentone and fentanyl and persisted until after the 
trachea was intubated 8 min later. In neither 
patient was the acid reflux related to the injection 
of vecuronium. 


TABLE I. Lower oesophageal pH (mean (sp) [range]) at three 
Stages during tnduction of anaesthesia 


Intubation dose 


Induction of vecuronium Intubation 
Group 1 5,7 (1.3) 5.9 (0.5) 5.9 (0.6) 
No priming f1-6.9] [4.2-6.8] [4.2-6.6] 
{n = 16) 
Group 2 5.6(1.3) 5.6 (1.3) 5.6 (1.2) 
Priming [1-6.8] [1.2—6.8] [1.2-6.8] 


(n = 16) 


~ 


LOWER OESOPHAGEAL pH 


DISCUSSION 


The lower oesophageal sphincter (LOS) repre- 
sents the major barrier to regurgitation of acid 
gastric contents into the oesophagus. Many drugs 
affect LOS by increasing or decreasing its tone. 

Drugs which decrease LOS tone during in- 
duction of anaesthesia may increase the risk of 
regurgitation of acid from the stomach and of 
subsequent aspiration into the lungs [8, 9]. Little 
is known of the effects of non-depolarizing 
neuromuscular blocking drugs on LOS tone. 
Pancuronium may slightly increase the barrier 
pressure of LOS, probably by acting on a- 
adrenergic receptors [10]. Atracurium has been 
demonstrated to have no effect on LOS pressure 
[10], while vecuronium produces a very small 
increase [7]. These studies were carried out using 
full doses for tracheal intubation, but no in- 
formation is available regarding the use of small 
doses such as those used during priming. 

Our study was not designed to evaluate the 
direct effects of priming doses of vecuronium on 
LOS tone, but was intended to assess the 
occurrence of acid reflux into the lower oesoph- 
agus. One episode of acid reflux was seen in each 
group. These episodes were not related to the use 
of vecuronium. In one patient reflux was related 
to the use of thiopentone and fentanyl, drugs 
which are known to decrease LOS tone [7]. An 
increase in intragastric pressure during mask 
ventilation might also have contributed to the 
occurrence of gastric regurgitation. Thiopentone 
and fentanyl were given before the priming dose 
of vecuronium, as the nerve stimulator is painful 
in awake patients. As both groups of patients were 
given thiopentone and fentanyl, any further 
modification in LOS tone could be attributed to 
the priming dose of vecuronium. As no difference 
was seen between the two groups in the occurrence 
of acid reflux, it may be assumed that the use of 
vecuronium 0.01 mg kg"! for priming is safe in 
this regard. Given our sample size of 32 patients, 
we may have failed to distinguish a small dif- 
ference between the two groups. The possibility 
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of a type II error does exist and we cannot reject 
the null hypothesis. Nevertheless, our results 
Suggest that the use of a priming dose of 
vecuronium 0.01 mg kg does not influence the 
likelihood of gastric acid reflux. This dose is 
regarded as optimal for priming [2, 3, 11]. Greater 
doses, such as 0.02 mg kg~, are not recommended 
and may be responsible for objective and sub- 
jective side effects [3, 11]. 
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END-TIDAL CONCENTRATIONS OF HALOTHANE AND 
ISOFLURANE DURING INDUCTION OF ANAESTHESIA IN 
YOUNG AND ELDERLY PATIENTS 


R. DWYER, J. P. H. FEE AND R. S. J. CLARKE 


SUMMARY 


Twenty-two young (18-32 yr) and 22 healthy 
elderly (60-80 yr) patients received either 
halothane or isoflurane for maintenance of 
anaesthesia during controlled ventilation. End- 
tidal fractional concentrations (FE) of the agents 
were measured for 20 min after their introduction 
into inspired gas and the increase in end-tidal 
concentrations of the two agents was compared 
during induction of anaesthesia using the ratios 
of FEto the inspired fraction (Fi). FE: FI ratios for 
isoflurane were higher than those for halothane 
in both young and elderly patients, confirming 
that equilibration of end-tidal with inspired 
concentration occurs more rapidly with 
isoflurane than with halothane in both age 
groups. FE:FI ratios for isoflurane became sig- 
nificantly lower in the elderly than in the young 
after 15 min administration of isoflurane. This 
suggests slower induction of anaesthesia in the 
elderly if equipotent concentrations of isoflurane 
are used; the clinical significance of this dif- 
ference is probably small. Mean FE:F]I ratios for 
halothane in elderly patients were similar to 
those in the young throughout induction of 
anaesthesia. 


KEY WORDS 


Anaestheties volatile halothane, 
kinetics: uptake Age factors. 


isoflurane. Pharmaco- 


Elderly patients: comprise an increasing 
proportion of the population presenting for sur- 
gery and the vast majority of these will receive a 
volatile agent for anaesthesia. As elderly patients 
are more sensitive to the cardiovascular [1] and 
cerebral [2,3] effects of volatile agents, it is 
important to be able to predict the rate of 
anaesthetic uptake in this group. 


Uptake of volatile agents has been studied 
extensively in young subjects by measuring end- 
tidal concentrations [4]. Ageing causes physio- 
logical changes [5] which may be expected to alter 
the pharmacokinetics of volatile agents, but no 
data are available on the uptake of volatile agents 
in elderly patients. We have studied the uptake of 
volatile agents in healthy elderly patients during 
induction of anaesthesia by measuring end-tidal 
concentrations of the agents. 


PATIENTS AND METHODS 


We studied 48 patients who presented for elective 
orthopaedic surgery. Twenty-four were aged 
18-35 yr and 24 were aged 60-80 yr. All were 
healthy (ASA grade I or II) with no significant 
cardiac or respiratory disease, and none was taking 
drugs which might reduce cardiac output. None 
had been exposed to halothane in the previous 6 
months. All patients gave informed consent and 
approval was obtained from the local University 
Medical Research Ethics Committee. Patients 
were assigned randomly to receive either 
halothane or isoflurane as part of their anaesthetic. 

Patients received diazepam 0.15 mgkg™ by 
mouth 2 h before operation for premedication and 
they were anaesthetized with a sleep dose of 
thiopentone, pancuronium 0.1 mgkg`™! and 
alfentanil 15 ug kg. The lungs were ventilated 
manually using 100 % oxygen and the trachea was 
intubated using a tracheal tube with a gas 
sampling lumen (Portex). After intubation, in- 
termittent positive pressure ventilation was 
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continued with 100% oxygen using a Northwick 
Park ventilator with a non-rebreathing circuit. 
Ventilation and tidal volume were adjusted during 
the period of study to maintain end-tidal carbon 
dioxide concentration at 4.7kPa and the rate of 
ventilation at 8 b.p.m. 

After automatic ventilation was begun, the 
assigned volatile agent was added to the inspired 
gases in a concentration of 1% for isoflurane or 
0.8% for halothane (measured by infra-red 
vapour analyser). These inspired concentrations 
were chosen to prevent wareness without causing 
excessive cardiovascular depression. 

Patients were monitored continuously by elec- 
trocardiogram and automatic indirect arterial 
pressure monitor (Dinamap). End-tidal carbon 
dioxide was measured by infra-red carbon dioxide 
analyser (Hewlett-Packard 47210A). Measure- 
ments continued for 20 min after introduction of 
the volatile agent. Surgery was postponed until 
after the period of study to maintain cardio- 
vascular stability and because of the risk of 
awareness, because nitrous oxide was not being 
used. 

‘Tracheal gas was sampled continuously at a rate 
of 200 ml min“ via the gas sampling lumen of the 
tracheal tube and the concentration of volatile 
agent was measured using a Datex Normac infra- 
red vapour analyser (which measures absorption 
of infra-red radiation of wavelength 3.3 ym with 
different amplification for various volatile agents). 
The response time is adequate to detect the end- 
tidal plateau in volatile agent concentration at 
rates of ventilation up to 15 b.p.m. and it is 


accurate in clinical concentrations [6]. The 
analyser was calibrated with Freon 22 before use. 

The tracheal concentration of volatile agent was 
recorded on a Hewlett-Packard 7754B recorder. 
This gave a pattern of alternating peaks and 
troughs corresponding to the inspired (F1) and 
end-tidal fractional concentrations (FE) of volatile 
agent. The heights of FI and Fer above the baseline 
were measured by an observer who was blinded to 
the group and the ratio FE: FI calculated. Rates of 
equilibration of end-tidal with inspired concen- 
tration in the four groups were compared by 
comparing mean FE:FI ratios at various times 
during study period. 

Kruskal-Wallis analysis of variance was used 
for statistical analysis as data were not distributed 
normally. The Mann-Whitney U test was used as 
indicated. P < 0.05 was considered significant. 


RESULTS 


The patients were studied in four groups (table 
I): YH = young patients who received halothane; 
YI = young patients who received isoflurane; 
EH = elderly patients who received halothane; 
EI = elderly patients who received isoflurane. 

Four patients (two young and two old) who 
received halothane were excluded from analysis 
because the vaporizer used initially was faulty. 
Thus there’ were 10 patients in each of the 
halothane groups. 

Mean ages were similar for the two groups of 
young patients (YH and: YI) and the two groups of 
elderly patients (EH and EI). Patients who 


TABLE I. Mean (SD) age and weight, and sex distribution in the four groups. YH = young patents, halo- 
thane; YI = young patients, isoflurane; EH = elderly panents, halothane; EI = elderly patients, 


isoflurane 
YH YI EH EI 
n 10 12 10 12 
Sex (M/F) 6/4 7/5 5/5 6/6 
Age (yr) 27(5 1) 26 (5.2) 65 (4.2) 69(7.1) 
Weight (kg) 77 (13.7) 72(15 4) 75 (12.3) 69 (16.1) 


TABLE II, Mean (sp) dose of thiopentone administered and minute volume required to maintain end- 
tidal partial pressure of carbon dioxide at 4.7 kPa. Group abbremations as in table I 


YH YI EH EI 
Thiopentone 5 7(0.96) 5 5(0.51) 4 5(0.58) 5.0011) 
(mg kg“) 
Minute volume 66.4(9.6) 68.3 (8.6) 65.1(8.4) 63.8(5.9) 


(ml kg min') 
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Fic. 1. Fe: Fr ratios (mean, sp) for halothane (A) and isoflurane (©) during induction of anaesthesia 
in young panents (groups YH and YT). 
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Fig. 2. Fe: Ft ratios (mean, sp) for halothane (A) and isoflurane (©) during induction of anaesthesia 
in elderly patients (groups EH and ETD). 


received halothane were slightly heavier than those 
who received isoflurane. As there was no cor- 
relation between body weight and FE: FI ratio at 
20 min (r = 0.051), this difference is unlikely to 
have affected our results. The dose of thiopentone 
(in mg kg) required to induce anaesthesia was 
significantly greater in the younger patients. The 
minute volume/kg required to maintain end-tidal 
carbon dioxide partial pressure at 4.7kPa 


throughout the study was similar in each group 
(table II). Mean systolic arterial pressure 
decreased during the study period in all four 
groups (table HI) There was no significant 
difference between the mean pressures in the four 
groups at any time during the study. 

Fx: Fi ratios for the volatile agents increased 
throughout the study in all four groups. FE: Fi 
ratios were significantly higher for isoflurane 
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Fig. 3. Fa: Fi ratios (mean, sp) for isoflurane during induction of anaesthesia in young (©) and elderly 
(A) patients (groups YI and ED). *P < 0.05. 
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Fic, 4. Fe: Fr ratios (mean, sp) for halothane during induction of anaesthesia in young (A) and elderly 
(©) patients (groups YH and ED. 


TABLE III. Mean (SD) systohe arterial pressures during the 
study. Group abbreviations as in table I 
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than for halothane throughout the study in both 


young patients (fig. 1) and elderly patients (fig. 2) 


Time (P < 0.05). 
(min) YH YI EH BI 


Comparison of FE: Fi ratios in young and old 
patients receiving isoflurane showed a more rapid 


0 157(32) 138 (22): 136(29) 152(29) patients - 
5 139(22)  121(12) 122(24) 132(24) initial increase in the elderly group who had 
v es a Feces ace T significantly higher mean ratios in the first 2 min 
20 124(20) 11400)  122(22)  114(26) of isoflurane administration. However, after this 


initial period FE: FI increased more slowly in the 
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elderly group and after 15min of isoflurane 
administration, Fe: FI ratios were significantly 
lower in the elderly group (fig. 3). There was no 
significant difference between mean FE: FI ratios 
for young and elderly patients receiving halothane 
(fig. 4). 


DISCUSSION 


It is important to be able to predict the increase in 
volatile agent concentration in the brain during 
induction of anaesthesia in order to avoid either 
underdosage, with the risk of awareness, or 
overdosage, leading to cardiovascular depression 
and delayed recovery. 

The blood-brain barrrier is freely permeable to 
volatile agents, cerebral blood flow is high and 
brain : blood partition coefficients are low (1.74 for 
isoflurane, 2.03 for halothane [7]); thus partial 
pressures of volatile anaesthetic agents in the 
brain are similar to arterial partial pressures [8], 
which are reflected in turn by end-tidal 
concentrations [9]. Cerebral concentrations of 
volatile agents may be studied, therefore, by 
measuring end-tidal concentrations (FE). 

The factors which affect the increase of FE 
towards the inspired concentration (F1), have 
been investigated extensively in young patients 
and include alveolar ventilation, ventilation— 
perfusion inequality, blood solubility of the agent, 
its solubility in other body tissues, and cardiac 
output [4]. 

It is widely accepted that, under controlled 
ventilation, equilibration of FE with inspired 
concentration occurs more rapidly with isoflurane 
than with halothane because of the lower solu- 
bility of isoflurane in blood [10]. This has been 
demonstrated in children [11], but in adults only 
by comparing data from different studies [12, 13]. 
Our study compared young patients assigned 
randomly to receive either agent and confirmed 
more rapid equilibration of end-tidal with in- 
spired concentrations for isoflurane (fig. 1). In 
elderly patients, equilibration of end-tidal with 
inspired concentrations also occurred more 
rapidly when isoflurane was used (fig. 2) so that, if 
equipotent concentrations of the two agents are 
used, induction of anaesthesia should occur more 
quickly with isoflurane than with halothane. 

Gallagher showed that FE equilibrates more 
rapidly with Fr in children than adults, pre- 
sumably because of physiological differences [11]. 
Similarly, old age causes physiological changes 
which may be expected to alter uptake of volatile 
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agents during induction of anaesthesia. Slower 
uptake of isoflurane in the elderly (fig. 3) may be 
caused by increased ventilation—perfusion (V/Q) 
inequality and increased functional residual ca- 
pacity [14], greater solubility of anaesthetics in 
the vessel-rich and muscle groups of tissues [7], 
and increase in fat as a proportion of body mass 
[5]. 

In contrast to isoflurane, there was no 
significant difference “between FE:FI ratios for 
halothane in old and young patients (fig. 4). A 
possible explanation for this difference might be 
that V/ QO inequality has less effect in reducing 
arterial concentrations of more soluble agents 
[15]. 

The slower change in end-tidal concentrations 
of isoflurane in elderly patients suggests that 
induction of anaesthesia may occur more slowly in 
this age group. However, the magnitude of the 
difference between the groups was small. Mini- 
mum alveolar concentration (MAC) is lower in 
elderly patients [5], so that clinical anaesthesia is 
induced at a lower end-tidal concentration than 
in young patients. Thus the effect of the small 
difference found in uptake of isoflurane is prob- 
ably not of major clinical significance. 
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CHANGES IN ALVEOLAR-ARTERIAL OXYGEN PARTIAL 
PRESSURE DIFFERENCE DURING ORTHOTOPIC LIVER 


TRANSPLANTATION 


K. R. BURCHETT, M. F. SMITH AND G. R. PARK 


SUMMARY 


Changes in the alveolar-arterial oxygen partial 
pressure difference (PAo, — Pao,) were measured 
in 39 patients undergoing orthotopic liver trans- 
plantation without veno—arterial or veno—venous 
bypass. The operation can be divided into an 
initial dissection phase, an anhepatic phase when 
the hepatic artery, portal vein and vena cava are 
clamped, and a post-anhepatic phase after the 
vascular clamps are released. There was an initial 
increase in (PAo,—Pao,) during the dissection 
phase, followed by an immediate decrease when 
the liver was removed. This decrease continued 
throughout the anhepatic period, but a further 
increase in(PAo,— Pa.) occurred after release of 
all the vascular clamps and during abdominal 
closure. 


KEY WORDS 
Oxygen’ (PAo,— Pao,). Surgery’ liver transplantation. 


The observation during an orthotopic liver trans- 
plant operation that the arterial oxygen tension 
(Pao) remained low despite increasing the in- 
spired oxygen concentration (Fio, until removal 
of the liver, when a marked increase in Pap, was 
noticed, prompted us to review the anaesthetic 
records of the previous 20 liver transplant opera- 
tions. This suggested an improvement in arterial 
oxygenation during the anhepatic phase. We 
therefore studied prospectively 40 consecutive 
patients undergoing liver transplantation and 
measured the alveolar—arterial oxygen partial 
pressure differences (PAo, — Pao,) at various stages 
during the procedure. 


PATIENTS AND METHODS 


We studied 40 consecutive patients undergoing 
orthotopic liver transplantation. The anaesthetic 


technique used was at the discretion of the 
anaesthetist? and consisted of artificial ventilation 
using either air-oxygen and isoflurane or nitrous 
oxide—oxygen with isoflurane, fentanyl, or both. 
Neuromuscular block was maintained by an 
infusion of either atracurium or vecuronium. 

As part of the routine monitoring of these 
patients, arterial blood samples were taken and 
analysed immediately for oxygen (Pag) and 
carbon dioxide (Paco,) tensions (Corning 178 
pH/blood-gas analyser) at the following stages 
during the procedure: (A) after induction of 
anaesthesia, and before the start of surgery; (B) 
during dissection of the liver; (C) at the beginning 
of the anhepatic phase; (D) at the end of the 
anhepatic phase (after unclamping of the supra- 
hepatic vena cava and the hepatic portal vein); (E) 
after full restoration of inferior vena cava flow and 
(F) during abdominal closure. The inspired 
oxygen concentration (FIp,) was measured con- 
tinuously throughout the operation (Engstrom 
Eliza Duo O,/CO, analyser). The values for Pag, 
and Pago, were corrected for the patient’s core 
temperature at the time of sampling using a 
standard nomogram [1], and the alveolar oxygen 
tension was estimated using the formula aay = 
Plo, — (Paco, /R)+ (Paco, FIo (1 — R)/R). 
respiratory quotient, R, was assumed to be 0. A 
and it was assumed that Pago, = Pago,. 

Changes in blood volume and composition were 
minimized by utilizing invasive haemodynamic 
monitoring and measurements of packed cell 
volume at each time point. 

Data were analysed using Students paired 1 
test adjusting for the Bonferroni inequality [2]. 
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LIVER TRANSPLANTATION 


TABLE I. Mean (SEM) Fio, Pago,, Pão, A = After induction of anaesthesia; B = during the diss-ctton 
phase; C = at the beginning of the anhepatic phase; D = at the end of the anhepatic phase; E =after 
the inferior vena cava 1s unclamped; F = on completion of the operation 


A B 


0.42 (0.02) 
3.9 (0.13) 
21.4(1.61) 


0.42 (0.01) 
4.0 (0.14) 
18.5 (1.64) 


Fig, 
Paco, (kPa) 
Pag, (kPa) 


*t 


15 Tt 


(PAg. - Pag (kPa) 
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A B C D E F 


Fic. 1. Mean (SRM) changes in (PAo, ~ P8o,) liver transplan- 

tation in 39 patients. A = After induction; B = during liver 

dissecnon; C = start of anhepatic phase; D = end of an- 

hepatic phase; E = inferior vena cava anastomosis; F = ab- 

dominal closure. Statisncally significant differences (P < 
0.01): *B-D and D-F; fE-F. 


Four comparisons were made (A with B, B with D, 
D with F and E with F). Al data are presented as 
mean (SEM). 


RESULTS 


Complete records were available for 26 female and 
13 male patients, with a mean age of 33 yr (range 
1—63 yr). There was an initial decrease in Pap, and 
an increase in (PAo, —Pao,) during dissection of 
the patient’s liver (A to B) from 16.0 (1.5) to 19.1 


0.43 (0.02) 
3.8 (0.11) 
22.5 (1.53) 


C D E F 


0.44 (0.01) 
4.8 (0.11) 
24.2 (1.21) 


0.43 (0.01) 
4.5 (0.12) 
23.0(1.2) 


0.44 (0.71) 
4.4(0. 2) 
20.1 (1.56) 


(1.6) kPa (table I, fig. 1). The increase in 
(PAo, — Pao,) failed to reach statisticel significance. 
During the anhepatic phase there was a decrease 
in (PAp,— Pag.) which continued tc a nadir at D 
(14.3 (1.6) kPa). After revascularization of the 
donor liver, the alveolar—arterial gradient again 
increased, and this continued threugh E (15.1 
(1.5) kPa) to abdominal closure at F (19.1 (1.8) 
kPa). The differences between B ani D, E and F, 
and D and F were significant (F < 0.01). No 
correlation was found between the changes in 
(PAo, — Pao,) and the anaesthetic technique used. 

Packed cell volume and the ampunt of fluid 
transfused at each stage are showr in table II. 
Despite the large volumes transfused, there was 
little change in arterial pressure. Ths haematocrit 
increased during the anhepatic pericd, because of 
the infusion of blood with a higk haematocrit 
from the cell saver system used for autotransfusion 


[3]. 


DISCUSSION 


An increase in (PAp,—Pao,) duming routine, 
uncomplicated anaesthesia is well recognized, and 
is attributed to a 20% decrease :n functional 
residual capacity (FRC) and an increase in 
ventilation/perfusion (V/Q) mismæch. The re- 
duction in FRC with general anaes-hesia occurs 
during artificial and spontaneous ventilation, but 
increasing the FRC following induction of an- 
aesthesia does not reverse abnormal cas exchange. 
Atelectasis occurs in the dependent parts of the 


TABLE II. Mean (SEM) packed cell volume (PCV), systohe arterial pressure (SAP) and volume of flud 

transfused (Fluid). A = After the induction of anaesthesia; B = during the dissection phase; C = a the 

beginning of the anhepatic phase; D = at the end of the anhepanc phase; E = after the inferior vena zava 
ts unclamped; F = on completion of the operation 








A B C D E F 
PCV (%) 30.9 (1.1) 32.1(1.1) 36.6 (0.9) 39 (1.0) 33.8 (1.2) 34.5 (1.1) 
SAP (mm Hg) 1110.2) 116.1) 105 (3.0) 106 (4.5) 111 (4.6) 1113. 
Fluid (ml) 226 (87) 1420 (219)  3345(456)  5339(649)  6278(739) 10833 (2478) 
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lung, the low compliance of this part and the 
immobility of the adjacent portion of the dia- 
phragm preventing full expansion of the de- 
pendent lung [4]. (PAo, — Pao,) is increased also by 
a reduction in cardiac output, an increase in PAo, 
or a reduction in haemoglobin concentration [5]. 
The increase in (PAo, — Pao,) during the dissection 
phase and towards the end of the procedure 
during abdominal closure may be explained by an 
initial reduction in FRC because of cranial 
displacement of the diaphragm, leading to atel- 
ectasis in the dependent parts of the lungs and 
consequent increase in V/Q mismatch. When the 
liver has been removed (during the anhepatic 
phase) this process may be reversed because the 
reduction in abdominal contents and surgical 
retraction allow freer movement of the dia- 
phragm. These mechanisms result in an increase 
in FRC, or a decrease in atelectasis, or both, in the 
dependent part of the lung, which may account 
for the gradual improvement in the (PAo, — Pao,). 
These factors would be reversed when the donor 
liver was in place, and may explain the subsequent 
increase in (PAo, — Pao,). The reduction in cardiac 
output at the beginning of the anhepatic phase as 
the vena cava is cross clamped [6] may be expected 
to increase (PAo,—Pao,), but the reduction in 
oxygen consumption of some 25% seen on 
removal of the patient’s liver [7] may balance this 
to some extent. If the reduction in oxygen 
consumption results in an increase in the mixed 
venous oxygen content, and if there is a significant 
pulmonary shunt, there should be an increase in 
arterial oxygenation, as the oxygen tension in the 
shunted blood would have increased and have a 
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smaller effect in reducing Pao, However, it is 
more likely that the reduction in cardiac output 
results in a decrease in mixed venous oxygen 
saturation, albeit less than expected because of the 
decrease in oxygen consumption. The most likely 
explanation for the observed improvement in 
(PAo,— Pao, is thus an improvement in the V/O 
ratio secondary to an increased movement of the 
diaphragm. An alternative, but unlikely, explan- 
ation is that the liver is secreting a vasoactive 
substance which is affecting the pulmonary vascu- 
lature. 
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MIDAZOLAM ACTS SYNERGISTICALLY WITH FENTANYL 
FOR INDUCTION OF ANAESTHESIA 


I. BEN-SHLOMO, H. ABD-EL-KHALIM, J. EZRY, S. ZOHAR AND 


M. TVERSKOY 


SUMMARY 


The induction dose-response of midazolam was 
compared with the dose-response of its com- 
bination with fentanyl and with that of fentanyl 
alone in three groups of 60 unpremedicated, 
ASA physical status | or II women undergoing 
minor gynaecological surgery. The end-point of 
induction of anaesthesia was inability to open 
eyes upon command. Dose-response curves 
were determined for each group with a probit 
procedure and compared with an isobolographic 
analysis. Midazolam was found to act in syn- 
ergism with fentanyl for induction of anaesthesia. 
Twenty-five percent of the EDs, of fentanyl was 
required in combination with 23 % of the EDgo for 
midazolam to achieve the EDs of the com- 
bination. This degree of synergism may explain 
mutual potentiation between opioids and benzo- 
diazepines reported previously. 


KEY WORDS 


Hypnotics benzodiazepine midazolam. Analgesics ` fentanyl 
Induction midazolam, fentanyl. ` 


Combinations of benzodiazepines and opioids are 
used for induction of anaesthesia and sedation. 
However, life threatening complications have 
been reported, indicating the importance of 
understanding the nature of their interaction. 
Although mutual potentiation of effects by specific 
drugs from these two groups was reported in 
several studies [1-6], none has attempted to define 
if this represents synergism or additivity. 

The present study was designed to examine the 
specific interaction for induction of anaesthesia 
between midazolam and fentanyl. 


PATIENTS AND METHODS 


Following informed consent, we studied 180 
women (age 20-50 yr, ASA I or II) admitted for 
minor gynaecological procedures. The Institu- 
tional Review Board approved the study design. 

Dose regimens used for the study are shown in 
table I. Drugs were injected in a constant volume 
of 10 ml over 15-20 s. Two separate injections 
were administered at an interval of 1 min and the 
end-point of response to verbal command (open 
your eyes!) was evaluated 3 min after the first 
injection. In the combination group, midazolam 
was injected first, and in the other two groups 
saline was used as placebo. The drugs were 
labelled only as first and second, so that the 
administering physician was unaware of their 
nature. However, studies of the single-drug 
groups were concluded first, so that the doses for 
the combination could be planned. 


Tasie I. Doses af midazolam, fentanyl, or a combination of 
the two, given to groups of 10 patients each tn the study 


Combination 

Midazolam Fentanyl Midazolam +- Fentanyl 
(mg kg~') (ug kg!) (mg kg!) (ug kg~*) 

0.07 5.0 0.02 41.9 

0.10 6.0 0.03 1.9 

0.13 7.0 0.04+1.9 

0.19 7.5 0.06+1.9 

0.26 8.0 0.08 + 1.9 

0.37 8.5 0.10+1.9 
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The percentage of patients in each dose group 
unable to open the eyes was converted into a 
probit value and plotted against a logarithmic 
value for the respective dose. Dose-response 
curves were determined with the use of probit 
analysis [7]. 

To define the type of interaction between 
midazolam and fentanyl, the three calculated ED, 
values were plotted as an isobologram [8]. Single- 
drug ED,, points were placed on the dose co- 
ordinates, the combined ED,, point in the dose 
field then representing the doses of each drug that 
were contained in the ED,, of the combination. 

A straight line joining the single-drug ED,, 
points is termed the “additivity line” and de- 
viation of the ED,, of a combination to its left 
indicates synergism. This deviation is measured 
perpendicular to the additivity line. The standard 
error of this distance was computed by the method 
of propagation of error [9]. Error estimates from 
the combined ED,, point, in addition to single- 
drug ED,, points, were used. An approximate t 
test used to test the assumption of additivity was 
obtained as the ratio of measured distance to its 
standard error [10]. 


RESULTS 


The groups were comparable with respect to age 
and weight. The ED,, calculated from the fen- 
tanyl dose-response curve (fig. 1) was 7.7 ug kg 
(95% confidence limits 7.5-8.0 ug kg). The 
dose-response curve of midazolam was displaced 
to the left by combination of midazolam with 
fentanyl 1.9 ug kg (25 % of the calculated ED;,) 


99 


Effect (% patients) 
8883S 33 





4 5 6 T 8 9 10 
Fentanyl (ugkg®) 


Fic. 1. Fentanyl quantal dose-response curve for induction 
of anaesthesia. Each point represents a subgroup of 10 
patients at the indicated dosage. 
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Fic. 2. Midazolam quantal dose-response curves for induc- 

tion of anaesthesia with the addition of fentanyl 0.019 mg 

kg! (M+F) or saline (M+S). Each point represents a sub- 
group of 10 patients at the indicated dosage. 


(fig. 2). ED, values were 0.19 mg kg™ (0.17-0.22) 
and 0.044 mg kg (0.037-0.051) for midazolam 
alone and in combination, respectively. 

The difference between the slopes was not 
significant by this method of analysis. However, 
the midazolam—fentanyl isobologram for ED,» 
doses (fig. 3) reveals that the combined ED,, point 
deviates to the left of the additivity line, indicating 
synergism (P < 0.001). Comparing the sum of 
fractional doses given of each drug alone with that 
given in the combination further demonstrates 
this synergism. Twenty-three percent of midaz- 
olam ED,, combined with 25% of fentanyl ED,, 
(48 % of ED,,.) were included in the ED,, of the 
combination (calculated degree of synergism = 
2.1). 


Fentanyl (ug kg’) 
da 
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010 
Midazolam (mgkg 


Fic. 3. ED,, isobologram for the anaesthetic interaction of 
midazolam and fentanyl. The dashed line connects the ED,, 
values of each drug. See text for details. 
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DISCUSSION 


Fentanyl is used in anaesthesia mainly for its 
pronounced analgesic effect. Stanley and Webster 
[11] used fentanyl alone to achieve anaesthesia in 
all patients (the end-point was inability to open 
the eyes) and found that the average dose required 
was 11 +3 ug kg~!. Although derived by a different 
methodology, our dose-response curve agrees 
with this value. ED,, value for midazolam calcu- 
lated in this study (0.19 mg kg) is within the 
range of values described for this drug for the 
same end point [12, 13]. 

In a previous study we found that midazolam 
and morphine acted additively for sedation [14]. 
However, several studies report potentiation be- 
tween opioids and benzodiazepines [15-17], lead- 
ing in some cases to life-threatening complications 
such as respiratory and cardiac arrest [18]. The 
current study supports these qualitative reports 
and provides an estimation of the degree of 
synergism. We have no explanation for the 
different nature of the interactions between 
midazolam—morphine and midazolam—fentany]. 
The difference between the two opioids may be 
attributable either to the differing end-points 
(anaesthesia vs sedation), or to their different 
structures, as differences in the degree of syn- 
ergism between midazolam and agents from other 
groups are known to exist, for example with 
barbiturates [19, 20]. 
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SEDATION DURING SPINAL ANAESTHESIA: COMPARISON 
OF PROPOFOL AND MIDAZOLAM 


E. WILSON, A. DAVID, N. MACKENZIE AND I. S. GRANT 


SUMMARY 


Propofol and midazolam were compared in 40 
patients undergoing orthopaedic surgery under 
spinal anaesthesia. An infusion of either 1% 
propofol or 0.1% midazolam was given at a rate 
adjusted to maintain a similar level of sedation. 
The mean time to reach this required level was 
similar in both groups. Quality and ease of 
control of sedation were good in all patients. A 
mean infusion rate of 3.63 mg kg! h was 
required for propofol and 0.26 mg kg" h for 
midazolam. Immediate recovery, as judged by 
ability to open eyes and recall date of birth, 
was significantly more rapid following propofol 
(P < 0.0007). Similarly, restoration of higher 
mental function was significantly faster follow- 
ing propofol, measured by choice reaction time 
and critical flicker fusion threshold. Amnesia for 
the immediate postoperative period was signifi- 
cantly greater after’ midazolam (P = 0.0007). 


KEY WORDS 


Anaesthetics iv: propofol. Hypnotics benzodiazepine: 
midazolam. Anaesthetic techniques: sedation, spinal. 


Previous work has shown that propofol is a good 
agent for use by infusion to provide sedation as an 
adjunct to regional anaesthesia [1]. It is metabo- 
lized rapidly, with little evidence of cumulation 
and recovery is rapid, with minimal side effects. 

This study was designed to compare infusions 
of propofol and midazolam in the provision of 
sedation for spinal anaesthesia. 


PATIENTS AND METHODS 


We studied 40 patients of ASA grade I or II, aged 
at least 16 yr, scheduled for orthopaedic surgery 
under spinal anaesthesia. Patients were assigned 


randomly to receive i.v. sedation by a continuous 
infusion of 1% propofol or 0.1% midazolam. 

Informed consent was obtained from each 
patient and the study was approved by the 
Hospital Ethics Committee. 

Before operation each patient was instructed in 
the use of the Leeds Psychomotor Tester. This 
apparatus allows measurement of Critical Flicker 
Fusion Threshold (CFFT) and Choice Reaction 
Time (CRT). These assesssments give accurate 
and reproducible information on the effects of 
psychoactive drugs on normal central nervous 
system function [2, 3]. 

For CRT measurement, the subject scans an 
array of six small lights which are randomly 
illuminated. As soon as the subject detects the 
light he extinguishes it by touching the ap- 
propriate button. The latency of this response 
provides an assessment of the integrity of sensory— 
motor function. The CFFT is an-index of CNS 
arousal and of the subject’s ability: to integrate 
discrete units of sensory data.¢For determination 
of CFFT, four light-emitting diodes are arranged 
1m from the subject’s eyes. The frequency of 
flicker is increased from 10 Hz to 50 Hz and 
decreased in a similar fashion, the point at which 
the subject detects either flicker or fusion being 
recorded. 

Each patient was made familiar with the 
apparatus and then had 50 practice attempts with 
the CRT component before preoperative baseline 
CFFT and CRT scores were recorded. These 
practice attempts are recommended by the de- 
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COMPARISON OF PROPOFOL AND MIDAZOLAM 


signers to preclude possible learning effects from 
interfering with the assessments. The CRT was 
taken as a mean of 25 response times following 
five practice attempts at each assessment and the 
CFFT as a mean of six results, three each on the 
ascending and descending frequency scales. For 
every subject, care was taken to ensure correct 
positioning of the apparatus and a constant level 
of ambient lighting. 

All patients were premedicated with tema- 
zepam 10-20 mg orally, according to bodyweight 
and age, 1-2 h before the procedure. On arrival of 
the patient in the anaesthetic room, baseline heart 
rate and arterial pressure were recorded and an 
i.v. infusion of Hartmann’s solution was com- 
menced via a peripheral vein in the dorsum of the 
hand. An infusion of 1% propofol or 0.1% 
midazolam was started via syringe pump into the 
i.v. cannula. Spinal anaesthesia was produced by 
an intrathecal injection of plain 0.75% bupi- 
vacaine 2.5-3.0 ml via a 25-gauge spinal needle. 

As in a previous open study, the propofol 
infusion was commenced at 6mgkg “+h! and 
reduced to 4mgkg"h? after 10min. The 
midazolam infusion was started at 0.5 mg kg h7! 
and reduced to approximately 0.2 mg kg“? hb-t 
when the patient began to feel drowsy. Thereafter, 
the infusion rates were adjusted to maintain an 
appropriate level of sedation (level 4) on a five- 
point sedation scale (table I). 

The times to reach each level of sedation were 
noted. Conscious level, heart rate and arterial 
pressure were noted at 5-min intervals for the first 
30 min and at 10-min intervals thereafter. All 
patients breathed oxygen 4 litre min™ through a 
Hudson mask and no other anaesthetic or an- 
algesic drugs were given. I.v. fluids were given as 
Hartmann’s solution or blood as indicated clinic- 
ally. The sedative infusion was discontinued 
10 min before the anticipated end of the pro- 
cedure. 

The overall quality and ease of control of 


TABLE I. Sedation scores 


Score Degree of sedation 
I Fully awake and onentated 
2 Drowsy 
3 Eyes closed but rousable to command 
4 Eyes closed but rousable to mild . 
physical stimulation (earlobe tug) 
5 Eyes closed but unrousable to mild 


physical stimulanon 
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sedation were graded by the anaesthetist. The 
presence of any side effects was noted, particularly 
in relation to respiratory or airway problems and 
to excitatory phenomena. 

The times taken from the end of the infusion 
for the patients to open their eyes on command 
and to give their correct date of birth were noted. 
All these assessments were carried out in theatre 
by the anaesthetist, who obviously could not be 
blinded to the drugs being administered. How- 
ever, recovery was assessed further by psycho- 
metric testing performed at 30, 60, 90, 120, 180 
and 240 min after the end of the infusion by an 
independent investigator who was unaware of the 
sedative agent used. Patients whose spinal an- 
aesthesia had worn off and who had received 
further analgesia were excluded from subsequent 
assessments. The patients were questioned at 4h 
for perioperative recall. This included arrival in 
the anaesthetic room, the lumbar puncture, 
intraoperative awareness and of being shown two 
simple pictures 10 and 20 min after awakening. 
‘The presence of any postoperative side effects was 
noted. 

The results were analysed statistically using 
Student’s ¢ test and Chi-square tests where 
appropriate. 


RESULTS 


There were no significant differences between. the 
groups with respect to patient age, weight or sex 
(table IT). 

The mean duration of the procedure was similar 
in the propofol and midazolam groups: 77 and 
72 min, respectively. The mean duration of in- 
fusion was also comparable in each group: 
106 min for propofol and 93 min for midazolam. 
In both groups the mean time to reach the required 
level of sedation was approximately 24 min. 
There were no significant differences between the 
groups in the intervals from the ‘start of the 
infusion to injection of the spinal anaesthetic and 
to skin incision. The overall mean infusion rate 
was 3.6 mg kg “4h? for propofol (range 2.4-4.5) 
and 0.26mgkgih™? for midazolam (range 
0.14-0.43). The steady state infusion rates were 
2.84 mg kg“! h`! for propofol and 0.15 mg kg™ h~? 
for midazolam. 

Quality and ease of control of sedation were 
good in both groups. Airway maintenance was 
excellent in all patients, with no evidence of 
coughing, laryngospasm, ventilatory obstruction 
or apnoea. The frequency of side effects during 
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TABLE II. Patient and mnfuson data (mean (SEM)) 








Propofol Midazolam 
(n = 20) (n = 20) 
Age (yr) 57 2 (4.18) 51.1 (4.48) 
Weight (kg) 73 4(2 94) 68.1 (3.03) 
Sex (M/F) 9/11 7/13 
Duration of procedure (min) 76.5 (7 71) 72 4 (8.26) 
Duration of infusion (min) 106.0 (9 22) 93 4(8 46) 
Start infusion to: 
Spinal (min) 7 8 (0 73) 7.4 (0.56) 
Incision (mun) 37.0 (2.77) 30.1 (1.35) 
Level 4 sedation (min) 23.7 (2 22) 24.8 (2.54) 
Infusion rate (mg kg! h-4) 3 63 (0.151) 0.26 (0.023) 
Steady state infusion (mg kg™ h~") 2.84 (0.216) 0 15 (0.020) 


the infusion was low in both groups. One patient 
in each group had restlessness of the arms which 
required no action. Two other patients in the 
propofol group had complaints related to the 
infusion, one of coldness in the arm and the other 
of a slight burning pain in the arm. These settled 
within 5 min of the infusion commencing. 


HR (beat min-1) 


DAP (mm Hg) 





Time (min) 


Fic. 1. Mean (SEM) heart rate, systolic and diastolic pressures 
during infusion of sedative. @ = Midazolam; A = propofol. 


There was a slight decrease in heart rate in both 
groups, of approximately 5 beat min™ during the 
first 1 h of the infusion. There were no significant 
differences between the agents with respect to 
systolic and diastolic pressures, there being a 
slight reduction in both variables of the order of 
15% over the first 1 h (fig. 1). 

The mean interval from the end of the infusion 
until patients opened the eyes and gave the 
correct date of birth was significantly shorter with 
propofol than with midazolam: 2 and 10 min, 
respectively (table III). The frequency of side 
effects in the postoperative period was low, with 
only one case of nausea or vomiting in each group. 
In both cases this occurred when the spinal 
anaesthesia had worn off. Patient recall of the 
perioperative period was also noted. Most patients 
remembered arrival in the anaesthetic room (19 
propofol, 17 midazolam). Twelve of the propofol 
group remembered injection of the spinal an- 
aesthetic, compared with nine in the midazolam 
group. Two patients in each group had some 
intraoperative awareness consisting of back- 
ground theatre noise, but none found this dis- 
tressing. Postoperative amnesia was significantly 
greater after midazolam. No patient had recall of 
pictures shown to them 10 and 20min after 
awakening, compared with 12 and 13 patients, 
respectively in the propofol group. 

All patients in the propofol group were satisfied 
with their anaesthetic and would choose the same 
technique again. Two patients in the midazolam 
group would prefer an alternative technique in the 
future, one because of postoperative nausea and 
vomiting. 

Six patients who received midazolam were too 
sedated 30 min after operation to co-operate with 
psychometric testing, and in four this persisted 
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TABLE III]. Recovery times (mean (SEM)), postoperative sequelae and perioperative recall 
(No. of patients). ***P < 0.0001; ttt P = 0.0001 








Propofol Midazolam 

End infusion to eyes open (min) 2.3 (0 19) 9 2 (1.5)4** 
End infusion to repeat date of birth (min) 2.7 (0,25) 10 5 (1.16)*** 
Side effects during recovery 1 1 
Instances of recall: 

Arrival in anaesthetic room 19 17 

Insertion of spinal 12 9 

Operative procedure 2 2 
Picture shown 10 min after infusion 12 Ottt 
Picture shown 20 min after infusion 13 ttt 
Would choose same technique again 20 18 


for 1 h. In contrast, all patients in the propofol 
group were able to co-operate fully with testing. 
Some slight impairment of CRT at 30 min was 
seen following propofol, reverting to normal by 
1 h. With midazolam, however, significant impair- 
ment of CRT persisted for 3h (fig. 2). With 
respect to the more sensitive CFFT, significant 
impairment was seen for 90 min with propofol 
and 2 h with midazolam (fig. 3). 


DISCUSSION 


We have shown that both propofol and midazolam 
by infusion produced excellent and easily con- 
trollable sedation as an adjunct to spinal block. 
Onset of sedation was smooth and depth was 
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controlled easily. The frequency of side effects 
was low in both groups, both during operation 
and in the recovery period. However, recovery, as 
judged by immediate return of consciousness and 
orientation and by performance in psychometric 
testing, was significantly faster with propofol. 
Early postoperative amnesia was significantly 
greater with midazolam. 

The infusion rates selected for this study were 
chosen to provide a deep level of sedation with 
definite end-points to allow comparison of the two 
agents. This level guaranteed hypnosis, but 
patients remained rousable readily with mild 
physical stimulation. Lighter levels of sedation 
may be deemed appropriate in many instances, 
particularly for less invasive surgery. Even at our 


150 180 210 240 


Time (min) 


Fig. 2. Mean changes from pre-test baseline CRT. n = 20 unless otherwise stated. @ = Midazolam; 
A = propofol. * P < 0.05; {P < 0.005. 
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Fic. 3. Mean changes from pre-test baseline CFFT. n = 20 unless otherwise stated. @ = Midazolam; 
A = propofol. * P < 0.05; 7 P < 0.005. 


chosen depth of sedation, however, two patients 
in each group reported some awareness during 
operation and there was no significant cardio- 
respiratory depression. 

In a recent study using a similar level of 
sedation, Negus and White [4] found broadly 
equivalent drug requirements for both agents; 
there was rapid recovery and relative freedom 
from side effects following propofol. 

Low dose infusion of propofol appears to avoid 
the cardiorespiratory depressant effects of higher 
doses of the agent. Indeed, a recently published 
animal study suggests that the ideal clinical use of 
propofol may be to supplement regional an- 
aesthesia, rather than as a component of general 
anaesthesia [5]. 

Another attractive feature of propofol is the 
ease of conversion from sedation to general 
anaesthesia, should the surgery extend outwith 
the analgesic field of the regional block, simply by 
increasing the rate of infusion [1] and supple- 
menting with an appropriate analgesic such as 
nitrous oxide or alfentanil. 

This study shows that both propofol and 
midazolam by i.v. infusion provide highly 
satisfactory sedation as an adjunct to spinal 
anaesthesia. Recovery is significantly faster 
following propofol, with regard to both return 


of consciousness and restoration of higher mental 
function. This may be of significant benefit in 
certain patients, for example those with pul- 
monary disease to allow early co-operation with 
chest physiotherapy or in diabetes where early 
return to normal diet is desirable. 
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ADDITIONAL SUBCUTANEOUS ADMINISTRATION OF 
FLUMAZENIL DOES NOT SHORTEN RECOVERY TIME 


AFTER MIDAZOLAM 


T. J. LUGER, R. F. MORAWETZ AND G. MITTERSCHIFFTHALER 


SUMMARY 


We assessed the efficacy of subcutaneous ad- 
ministration of flumazenil (Anexate, Roche), a 
specific benzodiazepine antagonist, in pre- 
venting resedation after initial reversal of mid- 
azolam sedation in 30 patients (ASA [1) under- 
going gynaecological surgery. In the post- 
operative period, the patients received flumazenil 
iv. and placebo s.c. (group A), flumazenil i.v. 
and flumazenil s.c. (group B}, or placebo i.v. and 
placebo s.c. (control group) in a randomized, 
double-blind procedure. Flumazenil (group A: 
0.47 (SD 0.12) mg i.v.. group B: 0.48 (0.06) 
mg iv.) was significantly more effective than 
placebo in antagonizing the sedative effects of 
midazolam, but was accompanied by rebound 
sedation after 90 min. Additional s.c. administra- 
tion of flumazeni!l 0.1 mg (group B) did not 
eliminate resedation. Undesirable side effects 
include nausea and vomiting. Local tolerance of 
the subcutaneous administration of flumazenil 
was good. 


KEY WORDS 


Hypnotics benzodiazepine midazolam. Antagonists benzo- 
diazepine :flumazenil. Recovery. 


Benzodiazepines are used frequently for pre- 
medication, induction and maintenance of general 
anaesthesia and for sedation in intensive care. 
Flumazenil, a specific benzodiazepine receptor 
antagonist, reverses the sedative effects of benzo- 
diazepines by competing for benzodiazepine re- 
ceptors [1—4]. Common side effects include nausea 
and vomiting. In addition, intrinsic agonist effects 
have been demonstrated [2, 5-7]. 

After the administration of flumazenil to antag- 
onize midazolam-induced anaesthesia, no resed- 


ation was encountered in two reports (8, 9]. In the 
majority of studies, however, resedation was 
described [10-12]. In a clinical environment, 
where antagonism of the benzodiazepine effect is 
essential, a continuous i.v. infusion or multiple 
i.v. injections of flumazenil [13,14] would be 
necessary to avoid resedation. As this strategy 
would require prolonged continuous monitoring 
it may be impractical. This study was performed 
to investigate if subcutaneous administration of 
flumazenil, analogous to the practice with nal- 
oxone [15, 16], would avoid resedation. 


PATIENTS AND METHODS 


A randomized, double-blind design accepted by 
the Hospital Ethics Committee was used. In- 
formed consent was obtained from each of 30 
patients scheduled for gynaecological surgery 
(cervical dilatation and fractional curettage or 
conization) who were assigned randomly to three 
groups: flumazenil i.v. and placebo s.c. (group A); 
flumazenil i.v. and flumazenil s.c. (group B); 
placebo i.v. and placebo s.c. (control group). 
Patients with known benzodiazepine abuse, neuro- 
logical disease or hepatic or renal insufficiency 
were excluded. 

The study medication was provided in identical 
syringes: 8 ml for i.v. injection and 1 ml for s.c. 
injection. 

Sedation, temporo-spatial orientation, co-op- 
eration and comprehension were evaluated on the 
morning before premedication (baseline) and after 
surgery before the injection of the study medi- 


T. J. LUGER, M.p.; R.F. MORAWETZ, M.D.; G. MITTER- 

SCHIFFTHALER, M.D.; Univ. Klinik fur Anaesthesie und 

Aligemeime Intensivmedizin, Anichstr. 35, A-6020 Innsbruck, 

Austria. Accepted for Publication: July 11, 1989. 
Correspondence to T.J.L. 


54 


cation. Additional testing was conducted 5, 30, 
60, 90, 120, 150 and 180 min after injection of the 
study medication. The degree of sedation was 
rated on a scale from 0 to 4 (0 = fully awake; 1 = 
awake and relaxed; 2 = drowsy; 3 = asleep, but 
arousable; 4 = asleep, not arousable) [17]. Com- 
prehension and co-operation were tested by 
requesting the patient to remove the oropharyn- 
geal tube, raise her head or move her hands. The 
scaling ranged from 0 to 2 (0 = order executed on 
command; 1 = order executed on imitation; 2 = 
order not executed) [17]. Temporo-spatial orien- 
tation (0 = orientated in both modalities, 1 = 
orientated in one of the two modalities, 2 = totally 
disorientated) was determined by asking the 
patient about time (week, day) and location [17]. 

In addition, all side effects were registered and 
the request for analgesics (pentazocine 15-30 mg 
1.V.), antiemetics (metoclopramide 5-10 mg i.v.), 
or both was recorded. Local tolerance to s.c. 
flumazenil was assessed by visual inspection of the 
skin and the patients’ reports of itching. 

For psychometric testing, the multiple choice 
reaction time test (CRT) developed by Schoppe 
and Schuhfried was performed [18]. On the 
morning of the day of surgery all patients were 
instructed in the use of the test. The patient has to 
respond to the illumination of one coloured light 
out of five by pressing the corresponding coloured 


button. In addition, the patient has to differentiate ' 


between a high and a low frequency acoustic 
signal by depressing the appropriate button. The 
entire test series is composed of 50 randomized 
visual and acoustic signals delivered every 3s. 
Patients exceeding this time limit were deemed to 
have taken 3 s. A record of the speed and accuracy 
of the responses is stored online and analysed 
later. The measurement variables were the choice 
reaction time and the number of errors. 

After a training period of approximately 30 min 
a CRT test and errors score were recorded 
(baseline). The CRT was performed 5, 60, 120 
and 180 min after injection of the test drug. 

After initial testing, all patients received mid- 
azolam 0.1 mg kg™ and atropine 0.5 mg i.m. for 
premedication. A cannula was inserted into a 
peripheral vein and an infusion of Ringer-lactate 
solution was started. One hour later, on the 
patient’s arrival in the operating room, anaesthesia 
was induced with fentanyl 0.1 mg and midazolam 
0.15 mg kg"? and maintained with 66% nitrous 
oxide in oxygen 0.5-1.2vol.% halothane. As- 
sisted ventilation was performed by mask. Two 
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patients of the control group and one patient in 
each treatment group received an additional 
0.25 mg atropine i.v. to counteract bradycardia 
after induction of anaesthesia. 

Halothane and nitrous oxide were discontinued 
after the completion of surgery and the patient 
was transferred to the recovery room. The 
duration of anaesthesia was standardized at 
exactly 30 min in all patients. Forty minutes after 
administration of midazolam (i.e. 10 min after the 
end of halothane inhalation) the test drug was 
given. Three millilitre of a solution containing 
either flumazenil 0.3 mg or placebo was admin- 
istered i.v. in addition to an additional single dose 
s.c. Of 1 ml (flumazenil 0.1 mg or placebo). One 
millilitre of the study medication was given i.v. 
every 60s until the patient was awake or the 
dosage limit of a maximum of 8 ml was reached. 

Haemodynamic variables were monitored 
throughout anaesthesia by automated oscillo- 
tonometry (Dinamap) and ECG. 

The results of sedation, orientation in time and 
space, co-operation and comprehension are pre- 
sented as median (range). Statistical differences 
between the groups were calculated using Wil- 
coxon signed rank test. Analyses within the same 
group were performed using the Friedman test 
and the Wilcoxon—Wilcox test. The physical 
characteristics and the results of the choice 
reaction time test are presented as mean (SD). 
Statistical differences between the groups were 
calculated using the Wilcoxon rank sum test. 
Values were considered statistically significant if 
P x 0.05. 


RESULTS 


The distribution of age, body weight, total dose of 
midazolam and total dose of flumazenil i.v. and 
s.c. of the three groups are shown in table I. 

The time course of the degree of sedation is 
shown in figure 1. After anaesthesia, all patients 
were asleep. From 5 to 30 min after injection of 
flumazenil (group A+group B), patients were 
significantly less sedated (P < 0.01). Thereafter, 
patients treated with flumazenil (group A+ group 
B) became more sedated and there was no 
significant difference between the three groups. 
Patients in the control group showed a steadily 
improving level of sedation which was sig- 
nificantly different from before treatment up to 
90 min (P < 0.01). Patients in group A were sig- 
nificantly more sedated at 180 min compared with 
placebo (P < 0.05). 
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TABLE I. Physical characteristics of the patients and total doses of midazolam and flumazeni (mean (SD)) 





Group A Group B Control group 
n 10 10 10 
Body weight (kg) 53.8 (5.6) 63 1(5 5) 65 7 (12.7) 
Age (yr) 349(9 9) 38.9 (11.1) 37.0 (12.6) 
Midazolam total (mg) 13.1 (1.4) 15 8 (1.8) 16 6 (3 2) 
Flumazenil 1.v. (mg) 0.47 (0.12) 0.48 (0.06) — 
Flumazenil s.c. (mg) — 0.1 — 
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Fic. 1. Changes in sedation scores with time in the three 
groups expressed as median values (O) and range (stippled 
areg). 


Comparison of the degree of sedation, orien- 
tation, co-operation and comprehension is shown 
in table II. There was no significant difference 
between the two treatment groups. Orientation, 
co-operation and comprehension values did not 
differ before anaesthesia. Before the administra- 
tion of the study drug, patients were unco- 
operative and disorientated in either time or space. 
Five minutes after injection of flumazenil all 
patients (group A and group B) were co-operative 
and orientated. Patients receiving placebo were 
significantly less co-operative and less orientated 


at the same time point, but did not differ from the 
treated group thereafter. 

Five minutes after the administration of either 
flumazenil or placebo, the group receiving active 
medication demonstrated a significantly shorter 
CRT and fewer errors compared with the control 
group. The difference between group B and 
group A was not significant at any time (table IIT). 

The side effects of all groups are listed in table 
IV. Only the frequency of nausea’and vomiting 
was higher in the treatment groups: seven of 10 
patients in group A and five of 10 in group B 
complained of nausea or vomiting, but none after 
placebo. In group A six and in group B five 
patients required an antiemetic. 

Two patients in group B described a feeling of 
anxiety and two other patients cried, but did not 
recall unpleasant feelings when interviewed im- 
mediately after recovery. In group A one patient 
cried, but did not describe anxiety or distress 
when asked. None of these side effects occurred 
after injection of placebo. 

The frequency of postoperative pain, headache, 
the need for analgesics and micturition was 
similar in all groups. Local toleration of the s.c. 
administration of flumazenil was good. Itching 
was not observed. 


DISCUSSION 


Our results confirm that flumazenil was effective 
in promptly antagonizing midazolam-induced 
general anaesthesia. Sedation, disorientation and 
co-operation returned to near baseline values 
within 5 min after injection. The mean dose of 
flumazenil used is comparable to previous reports 
[8, 10, 19,20] which ranged from 0.3mg to 
0.58 mg. These effects are well documented in the 
literature [8, 21-23]. The CRT test confirmed our 
clinical assessment of a clear difference between 
the treatment groups and placebo. Similar results 
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TABLE II. Degree of sedation, orientation, co-operation and comprehension expressed as median (range). 
*P < 005; **P < 001 compared with placebo 








Measurement 
points Group A Group B Control group 
(min) (n = 10) (n = 10) (n = 10) 
Sedation 
Baseline 0 (0-0) 0 (0-0) 0 (0-0) 
Postop. 3 (3-4) 3 (3-4) 4 (3-4) 
5 0 (0-1)** 0 (0-1)** 3 (2-4) 
30.— 1 (0-3)* 1 (0-2)* 2 (1-3) 
60 1 (0-3) 1 (0-2) 1.5 (0-3) 
90 1.5 (0-3) 1 (0-3) 1.5 (0-2) 
120 2 (0-3) 1 (0-3) 1 (0-2) 
150 1 5 (0-3) 1 (0-2) 1 (0-2) 
180 1 (0-2)* 0 (0-2) 0 (0-2) 
Orientation 
Baseline 0 (0—0) 0 (0-0) 0 (0-0) 
Postop. 2 (1-2) 2 (2-2) 2 (2-2) 
5 0 (0-0)** 0 (0-0)** 2 (1-2) 
30-180 0 (0-0) 0 (0-0) 0 (0-0) 
Co-operation and 
comprehension 
Baseline 0 (0-0) 0 (0-0) 0 (00) 
Postop. 2 (1-2) 2 (2-2) 2 (2-2) 
5 0 (0-0)** 0 (0-0)** 1 (1-1) 
30-180 0 (0-0) 0 (0-0) 0 (0-0) 


TABLE III Chotce reaction time score and number of errors (mean (SD)). *P < 005 compared with 


placebo 
Measurement 
points Group A Group B Control group 
(mun) (n = 10) (n = 10) (n = 10) 
Reaction time 
Baseline 0 98 (0.15) 1 05 (0.21) 0.94 (0 08) 
5 1.57 (0.34)* 1.64 (0.24)* 1 98 (0.43) 
60 1.48 (0.32) 1 40 (0.22) 1.46 (0 38) 
120 1.29 (0 30) 1 33 (0 29) 1 20 (0.26) 
180 1.16 (0.31) 1.26 (0.23) 1 09 (0 16) 
Number of errors 
Baseline 0 4 (0.52) 0 4 (0.70) 04(1 26) 
5 3,9 (6.93)* 5 6 (5.74)* 23 (13 2) 
60 1.5 (1.78) 1.0 (1.15) 52 (8.87) 
120 2 2 (3.61) 1.2(1 81) 2 0 (2 58) 
180 0.9 (0.99) 1.6 (2.12) 1.3 (2.26) 


have been reported by Raeder and colleagues [24], 
who used a four-choice reaction time test. 

The major undesirable side effects were nausea 
and vomiting. In previous reports the frequency 
of nausea and vomiting ranges from absent or rare 
[10, 23, 25] to 53% [8, 20] in flumazenil-treated 
groups. We found a higher frequency of up to 
70% after flumazenil, but none after placebo. 
This discrepancy may be explained by the rapid 


awakening and the necessary movements of the 
body during the testing procedures. The fre- 
quency of anxiety in our patients was low and was 
probably related to the emotional state of the 
patients [23]. In contrast with Louis and col- 
leagues [22], who found an occurrence of 100%, 
the frequency of discomfort was less in our 
patient population who were young and un- 
impaired by severe medical illness. 
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TABLE IV. Side effects 
Group A Group B- Control group 


Complaints 
Nausea 5 2 0 
Vomiting 2 3 0 
Total 7 5 0 
Anxiety 
Discomfort 0 2 0 
Crying l 2 0 
Others 
Postop. pain 7 5 5 
Headache 2 4 2 
Micturinon 3 1 1 
Shivering l 0 0 
Dizziness 0 0 1 
Itching 0 0 0 


Sixty to 120 min after administration of fluma- 
zenil our patients became resedated, which is in 
agreement with previous reports [11, 19, 23, 26]. 
In some cases resedation was not seen [8, 9] and 
may have been a result of the short observation 
time or the stimulation of the testing. In our 
study, therefore, we allowed long resting periods 
between the testing cycles. 

Flumazenil is cleared rapidly from the body. It 
has rapid hepatic metabolism (99%) and a short 
half-life of approximately 1 h [13, 27, 28], whereas 
the half-life of midazolam is 1.5-3.5 h [29]. These 
pharmacokinetic differences account probably for 
the limited duration of the antagonism of the 
benzodiazepine effects and subsequent resedation. 

Our attempt to eliminate resedation by ad- 
ditional subcutaneous administration of fluma- 
zenil was not successful. Two possibilities have to 
be considered to explain this observation. First, 
skin blood flow may be poor in the postoperative 
period and, second, the small dose of flumazenil 
0.1 mg s.c. which we used. The sedation score 
after 120 min showed a tendency to be less in 
group B than in group A. This suggests that a 
higher dose of flumazenil s.c. might be effective, 
but would probably result in increased side 
effects. 

It is common clinical practice to use an 
additional i.m. or s.c. injection of naloxone to 
avoid the recurrence of opioid effects [15, 16]. 
Our attempt to shorten recovery time using a 
similar strategy of subcutaneous flumazenil failed. 
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ANTICONVULSANT PROPERTIES OF PROPOFOL AND 
THIOPENTONE: COMPARISON USING TWO TESTS IN 


LABORATORY MICE 


S. LOWSON, J. P. GENT AND C. S. GOODCHILD 


SUMMARY 


Experiments were carried out in mice to assess 
the protection provided by thiopentone (Intraval, 
May and Baker) and propofol (Diprivan, 1.C.1.) 
against epileptiform seizures induced by electro- 
shock and pentylenetetrazol. Intraperitoneal 
administration of propofol 50 mg kg™ and thio- 
pentone 25mgkg"' produced similar peak 
behavioural effects of mild sedation and inco- 
ordination. However, at these doses propofol 
afforded a greater degree of protection against 
pentylenetetrazol than thiopentone and at greater 
doses both propofol and thiopentone caused 
marked protection. Both anaesthetics were effec- 
tive also against electroshock seizures at sedative 
doses. We conclude that propofol has strong 
anticonvulsant properties. 


KEY WORDS 
Anaesthetics i v.: propofol, thiopentone. Anticonvulsants. 


The anticonvulsant properties of thiopentone are 
well established. However, it is still uncertain if 
propofol has any influence on seizure activity. 
The Committee on Safety of Medicines recently 
issued a warning concerning the possible risk of 
seizures after administration of propofol [1]. Hod- 
kinson, Frith and Mee reported finding epilepti- 
form activity on the electroencephalogram (EEG) 
after propofol was administered to patients under- 
going temporal lobectomy for intractable tem- 
poral epilepsy [2]. In contrast, other studies [3], 
using the cerebral function analysing monitor, 
have not demonstrated an epileptogenic effect of 
propofol. 

As part of the original investigations on pro- 
pofol, Glen and colleagues [4] compared the 


abilities of propofol and thiopentone to protect 
against electroshock-induced seizures in mice. 
Glen found that, whereas thiopentone provided 
protection against seizures, propofol lacked both 
anticonvulsant and proconvulsant properties. 
Other publications [5, 6], have demonstrated that 
seizures during electroconvulsive therapy are of 
shorter duration after induction of anaesthesia 
with propofol compared with methohexitone. 

In view of this controversy surrounding the 
association between propofol and seizures, we 
have investigated the pro/anticonvulsant proper- 
ties of propofol in two models of experimenrally 
induced seizures in mice: electroshock and i.v. 
infusion of pentylenetetrazol (PTZ). 


METHODS 


The investigation was conducted on Tuck No. 1 
mice (n = 195; weights 25-38 g) maintained on a 
12-h light-dark cycle with free access to water and 
a standard diet. Handling of mice was kept to a 
minimum. Propofol was administered as the 
aqueous emulsion formulation containing 10% 
soya bean oil (Diprivan, ICI). Control mice for 
the propofol experiments received an equal vol- 
ume of 10% intralipid (Kabi-Vitrum). Thio- 
pentone was diluted in water and controls in these 
experiments received an equal volume of saline. 
Active and control solutions (2.5 ml kg!) were 
administered intraperitoneally (i.p.) using a 25- 
gauge needle. The i.p. route was chosen because 
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the pentylenetetrazol was administered by con- 
tinuous i.v. infusion and the maintenance of two 
patent cannulae in the tail veins of mice proved 
difficult and unreliable. Previous investigations of 
anticonvulsant agents conducted in this laboratory 
have shown the i.p. route to be a reliable method 
of drug administration [7]. All animals were killed 
by a schedule 1 method immediately after a 
seizure had been induced. 


Assessment of behavioural effects 


In preliminary investigations, it was noted that 
the doses of propofol and thiopentone required to 
produce a given behavioural effect and the time 
course of those effects after i.p. injection were 
different. The grade of sedation was therefore 
recorded at the time of peak effect (4.5 min for 
thiopentone and 5.5 min for propofol) during the 
subsequent experiments, which assessed anti- 
convulsant activity on the following scale: 

1 = Mice active and grooming with normal ex- 
ploratory activity. No apparent sedation. 

2 = Decreased co-ordination with dragging of 
hind quarters, still active. 

3 = Staggering with inability to walk along the 
edge of a tray. Easier to handle. 

4 = Severe loss of co-ordination, with tendency to 
slither on the stomach rather than walk. 

5 = All mice unable to walk and slithering. 

6= Lying immobile, righting reflex lost in 
approximately 50% of the mice. Response to tail 
pinch reduced but present in all animals. 

7 = Righting reflex lost in more than 50% of the 
mice. Response to tail pinch was also markedly 
reduced or lost in approximately 50% of these 
animals. 

Doses which produced the full range of be- 
havioural effects were used to assess anti- 
convulsant activity. The two anticonvulsant tests 
were carried out at the time of peak behavioural 
effect, as recommended by Swinyard [8]. 


Electroshock 


The electroshock test was conducted according 
to the method of Woodbury and Davenport [9], 
with two modifications. Instead of Spiegel corneal 
electrodes, we used platinum ball and clip ear 
electrodes and the current administered was 
15 mA. A 15-mA current of 0.2s duration has 
been established in this laboratory as an optimum 
supramaximal current which produces a 100% 
incidence of extensor-tonic convulsions in un- 
treated mice. In all mice tested with electroshock, 
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the end-point was the hind limb extensor-tonic 
component of the convulsion [8]. Mice were 
tested in groups of 10 for each dose of propofol 
(control and one group at each sedation level 1-7) 
or thiopentone (control and groups at sedation 
levels 1—4 and 6). 


Pentylenetetrazol (PTZ) test 


A continuous i.v. infusion of PTZ was given via 
a tail vein as described previously [7]. Solutions of 
1.5% and 3.0% pentylenetetrazol in saline were 
given at a rate of 0.3 and 0.15ml min“, re- 
spectively. The minimum dose of PTZ required 
to elicit a clonic convulsion (the minimum 
convulsant dose (MCD)) was recorded for each 
animal. Mice were tested in groups of five for each 
dose of propofol (control and one group at each 
sedation level 1—5) or thiopentone (control and 
one group at sedation levels 1-4). The group 
mean MCD (SEM) at each dose of propofol and 
thiopentone was calculated. 

Statistical comparisons were performed using 
the Mann-Whitney U test to avoid assumptions 
on the distribution of the data. A value of P < 0.05 
was considered statistically significant. 


Assessment of blood concentrations 


In 37 of the 95 animals which had received 
propofol, blood was withdrawn from the heart 
immediately post mortem and stored for later 
measurement of whole blood propofol concen- 
trations by high pressure liquid chromatography. 


RESULTS 


Behavioural effects 


I.p. administration of both anaesthetics pro- 
duced a quick onset of behavioural effect which 
appeared at approximately 3 min after propofol 
and 2-2.5 min after thiopentone. The maximal 
effect was reached by approximately 4—5 min after 
thiopentone and 5-6 min after propofol. The 
duration of maximal effect was 3—4 min at the 
lowest doses tested. The depth and the duration 
of sedation and the recovery time during pre- 
liminary experiments carried out before anti- 
convulsant testing increased with increasing doses 
of propofol and thiopentone. The behavioural 
effects produced by the doses of propofol and 
thiopentone used in the anticonvulsant tests are 
shown in table I. Thiopentone was approximately 
twice as potent (on a weight basis) as propofol in 
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TABLE I. Sedative effects of ibe and thtopentone at 
different doses, with corr blood concentrations for 


propofol 
Blood propofol 
concentration 
(mean (SEM)) Propofol Grade of Thiopentone 
(ug ml-t) (mg kg") sedation (mg kg™) 
Nil detected 12.5 1 6.25 
(n = 5) 
Nil detected 250 2 125 
(n = 5) 
3.83 (0.72) 50.0 3 25.0 
(n = 6) 
6.87 (1.39) 750 4 37.5 
(n = 5) 
7 76 (0.58) 100 0 5 
(n = 6) 
16 87 (5.52) 125.0 6 50.0 
(n = 5) 
18.6 (2.35) 150,0 7 
(n = 5) 


producing sedation of each grade. The doses of 
thiopentone used did not produce levels of 
sedation which could be classified as grades 5 or 
7. The dose range of the two drugs which 
produced the range of behavioural effects was 
12.5-150 mg kg™+ for propofol and 6.25-75 mg 
kg"! for thiopentone. Neither intralipid nor saline 
produced sedation in control animals. 


Electroshock 


Propofol and thiopentone protected against 
electroshock-induced seizures at doses producing 


No mice protected 


Control 1 2 3 
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heavy sedation and marked loss of co-ordination 
(propofol > 50 mg kg; thiopentone > 25 mg 
kg"). At levels of sedation greater than grade 3, 
thiopentone provided greater protection against 
electroshock-induced seizures than did propofol 


(fig. 1). 


Pentylenetetrazol 


At those doses of propofol and thiopentone 
producing loss of the righting reflex (propofol 125 
and 150mg kg; thiopentone 50 mg kg) the 
maximum dose of PTZ which we could administer 
(15 mg) failed to elicit a seizure (fig. 2). As 
profound protection against chemically induced 
seizures had been demonstrated at these doses, it 
was unnecessary, and also contrary to procedures 
used previously in this laboratory, to increase the 
concentration of PTZ further in order to dem- 
onstrate a convulsive threshold. At doses less than 
those producing loss of the righting reflex (pro- 
pofol < 125 mg kg™, thiopentone < 50 mg kg“), 
both drugs markedly increased the MCD of PTZ 
and even at doses producing minimal behavioural 
effects (grade 1 sedation), both agents significantly 
increased the MCD of PTZ (P < 0.05). Propofol 
produced an increase in MCD of PTZ which was 
significantly (P < 0.05) greater than that caused 
by thiopentone; this was seen at doses causing 
grades of sedation 2, 3 and 4. 


Assessment of blood concentrations 


The mean blood concentration of propofol 
increased from 3.83 (SEM 0.72) pg mi~ after 50 mg 





4 5 6 7 
Grade of sedation 


Fia. 1. Bar chart showing number of mice protected from electroshock-induced seizures at seven grades 
of sedation caused by i.p. thiopentone (W) and propofol ((]). Mice were tested in groups of 10; the 
number of mice protected is the number that did not exhibit extensor movements of the hind limbs 


following passage of 15 mA for 0.28, All 
1-3 had such a 


l animals and ali those in both groups at sedation levels 
izure; none was protected. 


MCD of PTZ (mgkg”™’) 





Fic. 2. Bar chart showing the minimum convulsant dose 

(MCD) of pentylenetetrazol for groups of control animals and 

for groups sedated by i.p. thiopentone (W) and propofol (0) 

(scored 1-5). Both anaesthetic drugs produced significant pro- 

tection: against PTZ-induced seizures at all grades of 

sedation. * Significantly greater protection by propofol com- 
pared with thiopentone (P < 0 05). 


kg" to 18.6 (2.35)ugml`! after 150mg 
Kkg-——doses which produced sedation levels of 3 
and 7, respectively (table I). There was a highly 
significant correlation (P < 0.001; r = 0.72; n= 
37) between the blood concentration of propofol 
and the dose administered and also the grade of 
sedation (t = 1 Spearman rank correlation co- 
efficient comparing means of blood propofol and 
grade of sedation). 


DISCUSSION 


The ability of an agent to provide protection 
against experimentally induced seizures depends 
on a number of factors: the method of seizure 
induction used, the relationship between the 
mechanisms of action of the convulsant and 
anticonvulsant agents, the concentration of drug 
in the brain at time of testing, the dose admin- 
istered, the route of administration, and the 
pharmacokinetic properties of the agent. I.p. 
administration is a reliable method of admin- 
istering anticonvulsants in this preparation, and 
it was chosen for practical reasons described 
above. In addition, i.p. administration of propofol 
caused graded degrees of sedation which cor- 
related well with the subsequent measurements of 
blood concentrations of the drug. Our experi- 
ments produced a range of blood concentrations 
of propofol of 0.72~35.6ug mlt, which is the 
range found in man to produce sedation and 
anaesthesia [10]. 

Differences in the pharmacokinetics of propofol 
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and thiopentone given i.p. have been demon- 
strated in our study by the observation of a more 
rapid onset and earlier peak effects of thiopentone. 
It is evident that pharmacokinetic differences 
between the two anaesthetic drugs are important 
when their anticonvulsant activities are com- 
pared. In previous experiments, using 1.v. admin- 
istration, Glen found that the hypnotic potency 
(mg for mg) of propofol was 1.8 times greater than 
that of thiopentone [11]. This contrasts with our 
own findings with i.p. administration where twice 
as much propofol as thiopentone was required to 
produce equivalent sedation. However, there was 
a more rapid onset to the peak sedative effects of 
thiopentone. It may be that more rapid absorption 
of thiopentone from the peritoneal cavity led to 
higher peak concentrations and the slower ab- 
sorption of propofol from the peritoneal cavity 
into the circulation could allow a substantial 
proportion of the administered dose to be metabo- 
lized. In the mouse, Glen demonstrated a high 
“utilization rate” of propofol (2.22 mg kg min“) 
[11]. To avoid the complications of possible 
pharmacokinetic differences, comparisons of the 
anticonvulsant properties of propofol and thio- 
pentone were made at doses producing equivalent 
behavioural effects. 

Electroshock- and PTZ-induced seizures are 
recognized screening tests for potential anti- 
convulsant properties of drugs. It is known that 
anticonvulsant drugs do not protect against all 
forms of experimentally induced seizures [8]. 
Results obtained in different tests may correlate 
with clinical effectiveness in man; protection 
against the application of a supramaximal electro- 
shock predicts activity against grand mal [8] and 
partial seizures [12]. Drugs active against primary 
generalized seizures of the absence type may not 
demonstrate protection against maximal electro- 
shock but are effective against PI’Z-induced 
seizures [12]. Used together, these two comp- 
lementary tests detect the anticonvulsant actions 
of all the major antiepileptic drugs in clinical use 
[12]. 

Clinically useful anticonvulsants demonstrate 
differing abilities to protect against various forms 
of experimentally-induced seizures. These differ- 
ences probably reflect the ability of some agents to 
prevent spread of epileptic activity in the CNS 
(detected by electroshock), while other drugs 
increase the threshold of discharge of an epileptic 
focus (detected by sub-maximal/threshold doses 
of chemical convulsants) [8]. In the current 
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investigation, propofol and thiopentone protected 
against electroshock-induced seizures at doses 
which produced heavy sedation and marked 
loss of co-ordination. Statistically significant 
(P < 0.05) increase in the PTZ-induced seizure 
threshold was demonstrated for both agents at 
doses that produced minimal behavioural effects. 
The difference in the relative anticonvulsant 
activity of the anaesthetic agents demonstrated in 
the two tests probably results from the fact that 
our version of the PTZ test measures convulsive 
threshold rather than overall protection. 

It is interesting to compare the values of MCD 
of PTZ obtained using the compounds with those 
produced by benzodiazepines, as the latter are 
particularly effective at antagonizing the con- 
vulsant actions of PTZ [13]. In this laboratory we 
have found that the maximum MCD of PTZ 
which can be produced by diazepam is approxi- 
mately 180mgkg?! (unpublished results)— 
considerably less than the effects of both thio- 
pentone and propofol reported here, although at 
grade 2 sedation, the anticonvulsant effect of 
diazepam is similar to that of propofol and rather 
greater than that of thiopentone. 

The results obtained in this study with electro- 
shock contrast with those of Glen and colleagues 
[4], who demonstrated the anticonvulsant proper- 
ties of thiopentone 40 mg kg?! i.v., but failed to 
show any anticonvulsant activity for propofol 
20 mg kg! i.v. The electroshock experiment was 
performed 15 min after adminstration of each 
agent. However, Glen [11] showed that mice 
given propofol 26 mg kg™ i.v. had regained their 
righting reflex and co-ordination and were able to 
walk by this time. In contrast, mice given 
thiopentone 40 mg kg™ i.v. did not regain co- 
ordination for approximately 40 min after the 
time of testing, which indicates the persistent 
CNS effects of thiopentone. In the same study, 
Glen demonstrated that the EEG changes pro- 
duced by propofol in rats were similar to those 
produced by rapidly acting barbiturates [11]: 
propofol produced burst suppression at an i.v. 
dose close to its median hypnotic dose, but the 
barbiturates only produced burst suppression at 
doses in excess of twice the median hypnotic dose 
for these agents. 


In conclusion, our investigation has demon- 
strated anticonvulsant properties of propofol 
similar to those of thiopentone. These laboratory 
observations in the mouse support the apparent 
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anti-epileptic activity of propofol in man [3, 5, 6]. 
These results indicate the necessity to re-evaluate 
the evidence for convulsions associated with the 
use of this drug for anaesthesia in man [1]. 
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CLINICAL CONCENTRATIONS OF VERAPAMIL AFFECT 
THE IN VITRO DIAGNOSIS OF SUSCEPTIBILITY TO 


MALIGNANT HYPERPYREXTA 


P. J. ADNET, R. M. KRIVOSIC-HORBER, M. M. ADAMANTIDIS, 
G. HAUDECOEUR, G. H. REYFORT AND B. A. DUPUIS 


SUMMARY 


We examined the effects of verapamil on the 
in vitro caffeine and halothane tests for malignant 
hyperpyrexia (MH) susceptibility. Ten consecu- 
tive MH-susceptible patients were investigated 
according to the protocol of the European MH 
group. Additional tests were carried out in the 
presence of verapamil 10-8 mol litre-'. In four of 
the 70 patients, the halothane contracture re- 
sponse following pretreatment with verapamil 
was classified as positive to halothane. In 
contrast, in nine of the 10 patients, contracture 
tests of muscle in the presence of verapamil were 
classified as negative to caffeine. It is advised 
that verapamil should be discontinued before 
performing a contracture test. 


KEY WORDS 


Malignant hyperpyrexia. Pharmacology. verapamil, halo- 
thane, caffeine 


The diagnosis of susceptibility to malignant 
hyperpyrexia (MHS) is commonly based upon 
abnormal contracture of susceptible muscle in 
response to halothane and caffeine [1-3]. Various 
drugs such as procaine [4], dantrolene [5] and 
propranolol [6] have been described as interfering 
with the m vitro halothane and caffeine con- 
tracture tests. However, the studies reported with 
verapamil on MHS human muscle have been 
poorly examined. To our knowledge, only one 
study reported that verapamil 8 x 10~* mol litre? 
was effective in blocking halothane-induced con- 
tracture of MHS human muscle [7], but this 
concentration is much higher than that achieved 
clinically [8—11]. Verapamil is used widely in 
patients with cardiovascular disease [12] and some 


of these may undergo elective muscle biopsy for 
diagnosis of MH susceptibility. 

In the present study, we have examined the 
effects of verapamil 10-* mol litre’—a_ concen- 
tration which is close to the clinical range—on 
both caffeine- and halothane-induced contrac- 
tures of susceptible human muscle. 


PATIENTS AND METHODS 


Biopsies were obtained from the vastus medialis 
muscle under femoral nerve block anaesthesia 
with lignocaine and dissected carefully in muscle 
strips (approximately 15mm long and 2mm 
diameter). One end was pinned to the silicone 
bottom of the experimental bath which was 
perfused continuously (4-5 ml mint) with 
Krebs-Ringer solution of the following com- 
position (mmol litre): NaCl 118.1; KCl 3.4; 
CaCl, 2.5; MgSO, 0.8; KH,PO, 1.2; NaHCO, 
25; glucose 11.1; pH 7.35 +0.05 and bubbled with 
carbogen (5% carbon dioxide in oxygen). The 
other end of the strip was attached by a thin silk 
thread to a force transducer (Bioscience dyna- 
mometer UFI and biological amplifier 120). The 
preparations were stimulated directly via silver 
electrodes with rectangular current pulses of 2 ms 
duration and at twice the threshold intensity, 
delivered at a frequency of 0.2 Hz by a stimulator 
CEA-DAM model GP1-GE219. The preparation 
was stretched until the amplitude of muscle 
twitches could not be increased further (2 g 
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TESTS FOR MALIGNANT HYPERPYREXIA 


tension approximately) and allowed to stabilize 
during 15 min of isometric relaxation. Baseline 
and twitch tensions were recorded continuously at 
low speed on a Kompensograph C1013 (Siemens). 

Halothane was mixed with carbogen by means 
of a calibrated vaporizer (Fluotec Mark III) in 
concentrations of 0.5, 1, 1.5, 2 and 3 vol % as 
confirmed by gas chromatography. Caffeine was 
added to the Krebs-Ringer solution in increasing 
concentrations of 0.5, 1, 1.5, 2, 3, 4, 8, 16 and 
32 mmol litre!. Each concentration of either halo- 
thane or caffeine was maintained for 3 min. 

The study involved 10 patients investigated 
according to the European MH protocol [3]. The 
criteria for MH susceptibility (MHS) are an 
increase in resting muscle tension of at least 0.2 g 
induced by 2 vol % of halothane or less and with 
caffeine 2 mmol litre7? or less. Halothane and 
caffeine effects were always tested on separate 
strips. In additional muscle strips obtained from 
the same biopsies, verapamil 10~* mol litre’ was 
added to the Krebs—Ringer solution 15 min before 
testing with halothane or caffeine according to the 
procedure described above. 

The increase in resting tension and the am- 
plitude of twitch tension were determined. We 
analysed differences between the means of the 
groups for maximum contracture response and 
maximum increase in twitch tension to each 
concentration of halothane and caffeine separately 
using Student’s t test for independent samples. A 
value of P < 0.05 was regarded as significant. 


RESULTS 


The distribution of patients 1s shown on the 
European MH diagram (fig. 1). A 10-min pre- 
treatment with verapamil 10~* mol litre~! reduced 
significantly the halothane-induced contracture 
(P < 0.05). However, in four of the 10 patients, 
the contracture responses following pretreatment 
with verapamil still exceeded 0.2 g and therefore 
could be classified as positive to halothane (fig. 1). 
Verapamil lowered the initial part of the caffeine 
dose-response curve from 0.5 to 2 mmol litre™t (P 
< 0.05) and, in nine of 10 MHS patients, 
contracture tests of muscle in the presence of 
verapamil could be classified as negative to 
caffeine (fig. 1). According to the European MH 
protocol, the 10 MHS patients tested in the 
presence of verapamil can thus be classified as 
four MHE(h), one MHE(c) and five MHN 
patients. 
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Halothane concn (vol %)} 





[Caffeine] ( mmol litre”') 


Fic. 1. Threshold concentration for each patient (I-X) to halo- 

thane and caffeine ın the absence (@) and presence (©) vera- 

pamıl 10-8 mol litre!. MHS = malignant hyperpyrexia sus- 
ceptible; MHN = MH negative; MHE = MH equivocal. 


The positive inotropic effect of both 0.5-2% 
halothane and caffeine 0.5-2 mmol litre’! was 
enhanced in the presence of verapamil. However, 
there were no significant differences in the 
percentage of maximum twitch increases between 
the pretreated and untreated muscles (data not 
shown). 


DISCUSSION 


The present results demonstrate that verapamil 
may affect the diagnosis of Malignant Hyper- 
pyrexia susceptibility based on im vitro muscle 
contractures in response to halothane and caffeine. 
In four of 10 patients, verapamil 107° mol litre 
decreased the halothane-induced contracture to 
such an extent that the test became negative. 
Furthermore, in nine of 10 patients, the con- 
tracture induced by caffeine 2 mmol litre! (the 
highest concentration admitted for MHS diag- 
nosis) was antagonized completely by verapamil 
10-8? mol litre“. 

There are few studies of the effect of calcium 
channel blockers on halothane—caffeine contrac- 
ture tests in human MHS muscle. However, our 
results are consistent with the report of Gruener 
and Blanck [7], who found that verapamil 8 x 107° 
mol litre! was effective in blocking halothane- 
induced contractures. It is of interest that the 
concentration of verapamil used in the present 
work is more comparable to the clinical range than 
that reported by these authors. However, the use 
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of verapamil 1078 mol litre? corresponds to the 
highest therapeutic concentration. Indeed, some 
studies suggest a therapeutic range of 150-500 mg 
ml“! [8-11]. The greatest concentrations are close 
to 10-6 mol litre, but there is obviously an 
order of magnitude difference in the lower 
concentration. However, higher plasma concen- 
trations are easily attained as verapamil is known 
to have a large first-pass metabolism in the liver 
[13]; this would result in a considerable inter- 
individual variation in plasma concentration. 
Hence the use of a concentration of verapamil less 
than 10~° mol litre! for in vitro testing may have 
no clinical relevance for patients with high plasma 
concentrations of the drug. 

Furthermore, we found that verapamil inter- 
fered more with caffeine than with halothane 
contractures. To our knowledge, these observa- 
tions have not been described previously in human 
MHS skeletal muscle. However, verapamil effects 
on halothane- or caffeine-induced contracture 
have been investigated in skeletal muscle ob- 
tained from various animal species, with con- 
flicting results. Thus very high concentrations 
(500 x 10-* mol litre!) of verapamil have been 
reported to potentiate the halothane-induced 
contracture in pig MHS muscle [14]. In cat soleus 
muscle, halothane-induced contractures were 
abolished by verapamil 10-° mol litre™!, whereas 
7.5 x 106 mol litre? of the same drug was in- 
effective; verapamil 10 mol litre! reduced the 
caffeine-induced contracture [15]. Similar reduc- 
tion or suppression of halothane- and caffeine- 
induced contractures has been observed when 
extracellular Ca*+ was removed [15, 16], thus 
providing evidence that halothane- and caffeine- 
induced contracture depends on an extracellular 
source of Ca**, 

We have shown that clinical concentrations of 
verapamil affect the in vitro discrimination of MH 
susceptibility by producing false negative results 
for some MHS patients. If these results may be 
extrapolated to i vivo conditions (i.e. patients 
under verapamil treatment), we conclude that 
verapamil should be discontinued before per- 
forming a contracture test. 
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AN OPEN STUDY OF ROPIVACAINE IN EXTRADURAL 


ANAESTHESIA 


E. WHITEHEAD, B. ARRIGONI AND J. BANNISTER 


SUMMARY 


Ropivacaine 0.5%, 0.75 % and 1.0% was investi- 
gated in an open study of extradural anaesthesia 
in three groups of 15 patients undergoing 
urological or orthopaedic surgery. Following a 
test dose of 3ml of 1.0% lignocaine with 
7:200000 adrenaline, ropivacaine 20 mi was 
given in incremental doses over 4 min via a 
lumbar extradural catheter. The onset time for 
analgesia was short in all groups: T12 was 
blocked 4-6 min after the end of the injection of 
ropivacaine. The maximum segmental level 
was significantly higher in the 0.75% and the 
1.0% groups (T2) than in the 0.5% group (T5). 
Complete motor block was obtained in seven, 
four and nine patients in the 0.5%, 0.75% and 
the 1.0% groups, respectively. Duration of an- 
algesia increased with increasing concentration 
of ropivacaine: mean duration of analgesia was 
203 and 266 min at T10 and 253 and 314 min at 
L5 for the 0.5 and 1% solutions, respectively. 
Mean duration of complete motor block was 
94 and 192 min for the same solutions. Analgesia 
was satisfactory for surgery in all patients except 
for one in the 0.75% group. Hypotension was 
experienced by three, seven and three patients in 
the 0.5%, 0.75% and 1.0% groups, respectively. 
Bradycardia occurred in seven patients and was 
associated with hypotension in five. Backache 
was experienced after operation by four patients, 
and three patients complained of a brief mild 
headache. No late adverse events were seen. 


KEY WORDS 


Anaasthetics local: ropivacaine. Anaesthetic techniques: 
extradural, 


Ropivacaine is a new amino-amide local anaes- 
thetic with a chemical formula similar to that of 


bupivacaine and mepivacaine. Animal studies 
have shown that it is an effective, long-acting 
agent, devoid of serious adverse effects when used 
for infiltration anaesthesia, and peripheral and 
central neural block {1]. Additionally, in vitro [2] 
and in vivo [3] animal experiments have suggested 
that ropivacaine may be approximately 50% less 
cardiotoxic than bupivacaine and possess a greater 
safety margin between convulsant and lethal 
doses. 

The present multicentre study was designed to 
evaluate the efficacy and clinical characteristics of 
three concentrations of ropivacaine used for 
extradural anaesthesia in man. 


PATIENTS AND METHODS 


Following Ethics Committee approval, informed 
written consent was obtained from 45 ASA I-II 
patients undergoing routine urological or or- 
thopaedic surgery or extracorporeal shock wave 
lithotripsy. 

The majority of patients were premedicated 
with diazepam 10mg orally and Hartmann’s 
solution 500 ml was administered to every patient 
via an i.v. forearm cannula before extradural 
block. An extradural cannula was inserted via a 
16-gauge Tuohy needle in the L2-3 or L3-4 
space, using a midline approach. With the patient 
lying supine a test dose of 3 ml of 1% lignocaine 
with 1:200000 adrenaline was injected via the 
catheter followed, after 4 min, by 20 ml of one of 
the ropivacaine solutions. 

At each hospital, the first five patients received 
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Fic. 1. Segmental spread of analgesia (mean 1.96 x SEM). Assessments were performed at 5-min mtervals 

during the first 30 min, but to assist clarity only 15-mun assessments are shown. The results for the three 

groups are “staggered ” to obviate overlap. —— = 0.5 % Ropivacaine {n = 15);.... = 0.75 % ropivacaine 
(n = 15); --= 1.0% ropivacaine (n = 15). 


0.5% ropivacaine, the next five received 0.75% 
ropivacaine, and the last five patients were given 
1% ropivacaine. Injections were performed by 
two investigators in each institution. 

The levels of sensory analgesia were tested 
segmentally with a blunt 27-gauge needle 2 and 
5 min after the end of the injection of ropivacaine 
and, thereafter, at 5-min intervals for 30 min and 
at 15-min intervals until 1h after injection. 
Subsequently, the sensory levels were determined 
at 30-min intervals until block was judged to have 
worn off completely. 

Motor block was assessed using a modified 
Bromage scale [4] (0 = no block; 1 = inability to 
raise extended legs but able to move knees; 2 = 
inability to flex knees but able to move feet; 3 = 
inability to move feet or knees) following each 
determination of analgesia, and this was continued 
until full motor power had been restored. 

Heart rate and systolic and diastolic arterial 
pressures were measured using a Dinamap non- 
invasive arterial pressure monitor at the same 
times as the sensorimotor block evaluations; the 
final readings were made 3 h after the extradural 
injection. Cardiovascular effects, which included 
any episode of hypotension (defined by a > 30% 
decrease in pre-block systolic pressure, or a 
systolic pressure < 90 mmHg), or bradycardia 
(heart rate of less than 50 beat min) were 
recorded and treated according to standard hos- 
pital practice. 

The results are expressed as mean (SEM). 


Statistical analyses were performed using the 
Wilcoxon rank sum test and the y* test, and 
differences between proportions were analysed by 
the Fisher exact test. P < 0.05 was considered 


significant. 


RESULTS 


Forty-one males and four females participated in 
the study. Each concentration of ropivacaine 
(0.5%, 0.75% and 1.0%) was given to 15 
patients. There were no significant differences 
between these three groups for mean age, weight 
and height. 

All the times given are from the end of 
ropivacaine injection. 


Onset, spread and duration of analgesia (fig. 1) 


The data for the ropivacaine groups are shown 
by mean dermatomal level. Thus onset of an- 
algesia at T12 occurred at 4-6 min and that at L4 at 
4.6-6 min. There were no significant differences 
between the three ropivacaine groups for mean 
onset time of analgesia at any segmental level. 

The mean maximum cephalad level of analgesia 
was significantly lower (P < 0.05) in the 0.5% 
group (T5) compared with the 0.75% (T2) and 
1.0% (T2) groups. However, the interval before 
onset of analgesia at the maximum dermatome 
level (0.5%, 26 (3.3) min; 0.75%, 38 (8.7) min; 
and 1%, 26 (2.8) min) was not significantly 
different between the groups. 
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Fic. 2. Mean (1.96 x SRM) onset times and duration of lower limb motor block degrees 1 (H : cannot lift 
leg), 2 (Wl: cannot flex knee) and 3 (EJ: cannot move foot) and (n) numbers of patients achieving block. 


The cephalad level of analgesia was significantly 
higher in the 1 % group (P < 0.05) compared with 
the 0.5% group at 30-300 min after the end of 
administration of ropivacaine. The differences 
between the 0.5% and 0.75% groups were 
significant (P < 0.05) at 150-210 min after in- 
jection. There were no significant differences 
between the 0.75% and 1% groups. 

Sensory to block levels above T] were ex- 
perienced by four patients in the 0.75% group 
(two at C5 and one each at C4 and C6) and 
similarly four patients in the 1% group (one 
patient at each of levels C2, C3, C6 and C8). No 
respiratory difficulties were experienced by any of 
these patients. 

At each segment, there was a trend for higher 
ropivacaine concentrations to increase the dur- 
ation of analgesia. At segments T8—T12, the 
effects of 0.75% and 1% ropivacaine were 
significantly longer than 0.5% (P < 0.05); at L2 
and S3, 1 % ropivacaine was significantly different 
from both the 0.75% and 0.5% doses. Mean 
durations for block at T10 were 203, 253 and 
266 min and at L5 253, 260 and 314 min for 0.5, 
0.75 and 1%, respectively. 


Motor block (fig. 2) 


No significant differences were found between 
the three groups with regard to onset or fre- 
quencies of various degrees of motor block. 
However, within each group significantly fewer 
patients had complete motor block (degree 3) than 
had degree 1 block (P < 0.05). Ropivacaine 1% 
was associated with significantly longer durations 
of all degrees of motor block than 0.5%; ad- 


ditionally, 1% ropivacaine produced significantly 
longer durations for degrees 1 and 2 compared 
with 0.75%. 


Surgery 

Surgery was commenced at approximately 
45 min after the extradural injection and was of 
45 min mean duration in all three groups. 
Analgesia and muscle relaxation were satisfactory 
in the majority of patients. Six patients (three in 
the 0.5% group, three in the 0.75% group) 
experienced some sensation during the surgical 
procedures, but only one required supplemen- 
tation with i.v. opioids and Entonox. 


Cardiovascular changes (fig. 3) 


No significant differences were observed be- 
tween the groups in heart rate and mean arterial 
pressure during the first 30 min after extradural 
injection. 

Significant hypotension requiring administra- 
tion of i.v. ephedrine and increased i.v. infusion of 
fluid was noted in three patients in the 0.5% 
group, seven patients in the 0.75% group and 
three patients in the 1% group. In five of these 
patients hypotension was associated also with 
bradycardia. Three of the patients in the 0.75% 
group and two in the 1% group had a maximum 
cephalad level of analgesia above T1 (0.75% C4, 
C6, C6; 1% C4, C6). 

Bradycardia alone was seen in two patients who 
had maximum sensory levels of T4 (0.75%) and 
C6 (1%) and responded satisfactorily to i.v. 
atropine 0.6 mg. 
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Fic. 3. Relative changes in mean arterial pressure (MAP) during the first 30 min after injection (mean, 





1.96 x SEM). 
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Adverse sequelae 


Mild to moderate backache was experienced by 
four patients on the first day after operation, while 
three patients complained of mild headache: all 
made a complete and rapid recovery. Forty-four 
patients were questioned between days 6 and 
14 after operation for late complications: none 
was reported. 


DISCUSSION 


The open, non-randomized design of this study 
was chosen as it represented the first use of this 
new agent in the extradural space in man. Patients 
were recruited sequentially to receive greater 
concentrations of the agent. It was thus hoped 
that any adverse effects would be noted with the 
weaker solutions. 

The study has demonstrated that ropivacaine in 
three concentrations (0.5, 0.75 and 1%) is an 
effective, long-acting local anaesthetic agent when 
administered in the extradural space in man. The 
agent behaved in a predictable fashion producing 
good clinical block at all concentrations tested. 
The agent was not associated with any significant 
adverse effects or toxicity. 

Onset of block was rapid, with analgesia to T10 
occurring within 10min for all three concen- 
trations. There was no difference in speed of onset 
between the three concentrations, but the maxi- 


mum height of block differed; the two stronger 
solutions produced a block three segments higher 
than the weaker solution. Given the standard 20- 
ml volume of the injectate, the cephalad spread of 
the block was surprising, and higher than would 
have been expected from experience with other 
agents [4]. This aspect caused some anxiety before 
progressing to the 1 % solution, but the difference 
in activity between the 0.75% and 1% solutions 
did not seem to be as marked as that between 
0.5% and 0.75%. This grouping was noted in 
other areas of the study (e.g. duration of analgesia) 
and may be a feature of the drug. It could be 
related to its vasoactivity which, even in high 
concentration, tends to cause vasoconstriction [5]. 
The quality of surgical anaesthesia was gen- 
erally excellent. Increasing the concentration of 
ropivacaine increased the duration of sensory 
analgesia with mean times of 203 (0.5%), 253 
(0.75%) and 266 (1%) min for block at T10. 
This represents prolonged sensory analgesia, 
probably longer than for other available agents. 
The agent is capable of producing good motor 
block, the duration increasing with concentration. 
Surprisingly, there were no apparent differences 
between groups for onset times to or frequencies 
of the three degrees of block although, within each 
group, significantly fewer patients achieved com- 
plete motor block compared with degree 1 block. 
It must be remembered, however, that these data 
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are subject to the vagaries of the Bromage scale 
[4], which is an insensitive measure of the 
percentage of motor fibres blocked. Good 
sensory—motor dissociation is obtainable with the 
lower concentration which may prove to be a 
useful feature of the agent. 

Arterial pressure decreased significantly, but to 
a similar extent, in all groups up to 30 min after 
injection. Surgery commenced soon after this 
time in many patients, so subsequent data were 
not analysed. Thirteen patients experienced hy- 
potension, five episodes being associated with a 
block higher than Tl. A minor incidence of 
backache and headache is seen commonly fol- 
lowing extradural analgesia as was noted in this 
study. There were no other, or more major, 
adverse sequelae. 

Ropivacaine would seem to be an efficacious 
and potent local anaesthetic agent when used for 
extradural analgesia. The drug might be par- 
ticularly useful where a long duration of action is 
required. 
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INVERSE RELATIONSHIP BETWEEN AGE-DEPENDENT 
ERYTHROCYTE ACTIVITY OF METHAEMOGLOBIN 
REDUCTASE AND PRILOCAINE-INDUCED 
METHAEMOGLOBINAEMIA DURING INFANCY 


A. NILSSON, G. ENGBERG, S. HENNEBERG, K. DANIELSON AND 


C.-H. DE VERDIER 


SUMMARY 


We have measured plasma concentrations of 
local anaesthetics, and the substance fraction of 
methaemoglobin (MetHb), in infants less than 
3 months of age, after application of a lignocaine— 
prilocaine cream (EMLA). A total of EMLA 2g 
was applied over four different skin areas, 
totalling 16 crè, for 4h before anaesthesia for a 
minor surgical procedure. Sampling was carried 
out before and 4, 8 and 12h after application. 
Maximum MetHb values (median = 2.24%) were 
obtained usually at 8h and were significantly 
(P < 0.001) higher than before application 
(median 1.32%). The plasma concentrations of 
local anaesthetics were low (maximum values: 
prilocaine 78 ng mt", lignocaine 412 ng mf’). 
The activity of erythrocyte MetHb reductase 
(cytochrome b5 reductase) was analysed. Data 
from a previously studied group of infants aged 
3-12 months were included also. Enzyme activity 
did not reach adult levels until after the age of 3 
months. It showed a good inverse correlation 
with the maximum MetHb values after applic- 
ation of EMLA. Although the MetHb concen- 
trations in the infants younger than 3 months 
were small, the enzyme capacity may be over- 
loaded when EMLA is administered at the same 
time as other MetHb-inducing agents. Ít is 
concluded that the use of EMLA should be 
restricted in this age group. 
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Anaesthetics local lignocaine, prilocaine Blood methaemo- 
globinaemia, methaemoglobin reductase. Complications - 
methaemoglobinaemia. 


In a previous study [1], EMLA cream (containing 
lignocaine 25 mg ml“! and prilocaine 25 mg ml) 
(Astra) was applied to 22 children aged between 3 
and 12 months. The maximum plasma concen- 
trations of lignocaine and prilocaine were small 
(155 ng mi™ and 131 ng ml™t, respectively). 
There was a significant increase in methaemo- 
globin (MetHb) in infants between 3 and 6 months 
of age, although it was less than the generally 
accepted lower limit [2] for healthy adults (2%). 
A case of significant methaemoglobinaemia in a 
12-week-old, prematurely born boy after a 5-h 
exposure to EMLA has been described [3]. These 
findings prompted study of the formation of 
MetHb after EMLA treatment in infants aged 
less than 3 months. 

The objectives of the present study were to 
measure the MetHb fraction and the plasma 
concentrations of lignocaine and prilocaine after 
application of EMLA in infants younger than 
3 months. In addition, we measured the activity in 
the erythrocytes of MetHb reductase, the enzyme 
responsible for converting MetHb back to haemo- 
globin (Hb). The results of this part of the 
study also include data from the previous study in 
infants aged between 3 and 12 months [1]. 


A. NILSSONT*, M.D., G. ENGBERG, M.D., S HENNEBERGH, M.D. 
(Department of Anaesthesiology); C.-H DE VERDIER, M.D. 
(Department of Clinical Chemistry); University Hospital, 
Uppsala, Sweden. K. DANIELSON, C.R.N.A., Astra Alab AB, 
Sodertdlje, Sweden. Accepted for Publication: July 20, 1989. 
Present address: 

+ Department of Anaesthesiology and Intensive Care, 
Central Hospital, Vasterds, Sweden. 

+ Department of Anaesthesiology, Odense Sygehus, Odense, 
Denmark. 

* Address for correspondence: Anestesikliniken, Central- 
lasarettet, S-721 89 Vasterds, Sweden. 


EMLA AND METHAEMOGLOBINAEMIA 


PATIENTS AND METHODS 


The investigation was open in design and non- 
comparative. It was approved by the Ethics 
Committee of the Medical Faculty, Uppsala. 
Informed consent was obtained from each child’s 
parents before inclusion in the study. 

Ten infants younger than 3 months were 
studied. Inclusion criteria were minor surgery or 
clinical investigations which required the inser- 
tion of an i.v. cannula before anaesthesia. Patients 
were excluded if they had diseases that might 
increase sensitivity to hypoxaemia or if their body 
weight was less than normal. 

After insertion of an i.v. cannula, EMLA 0.5 ml 
was applied to four different sites on the skin, 
4cm* in area (total area = 16 cm’, total dose = 
2 ml). No EMLA was applied on the limb used for 
the i.v. cannulation. The cream was covered with 
occlusive dressings (Tegaderm). The dressings 
were kept in place for 4 h and then the cream was 
removed. After removal of the cream, the skin 
areas treated were inspected and rated on a four- 
point scale (no, slight, moderate or severe re- 
action) for paleness, redness, oedema or other skin 
reaction. 

Venous blood specimens were collected before 
the application of EMLA and 4, 8 and 12h after 
application. They were placed immediately in ice- 
water and transported to the laboratory for 
analysis of MetHb. All analyses were made within 
1 h of sampling. Plasma was separated by centri- 
fugation and stored frozen until required for 
assay of lignocaine and prilocaine. 


Concurrent therapy 

For premedication, atropine was given sub- 
cutaneously during the application time, when 
indicated. After removal of the cream, general 
anaesthesia was induced with thiopentone and 
maintained with nitrous oxide, fentanyl and 
tubocurarine or nitrous oxide and enflurane. 
Hydration during and after operation consisted of 
a glucose—electrolyte solution (Rehydrex). None 
of these drugs is known to induce methaemo- 
globinaemia and infants not exposed to EMLA 
have not shown any increase in MetHb after these 
anaesthetic techniques (unpublished observa- 
tions). 


Blood and plasma analyses 


Assay of MetHb. The spectrophotometric 
method of Evelyn and Maloy [4] was used. For 
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calculation of the substance fraction MetHb/total 
Hb the molar (tetramer) linear absorption coef- 
ficient at 635nm for MetHb with cyanomet- 
haemoglobin as a blank was assumed to equal 129 
m? mol™ [5]. The molar absorption coefficient for 
cyanomethaemoglobin diluted with the ordinary 
Hb reagent [6] is 440m? mol? at 540 nm. In 
order to compensate for differences in trans- 
parencies with the addition of sodium cyanide 
solution 0.1 ml (2 mol litre~!), the absorbances 
were recorded within the interval 600-800 nm for 
both the cuvettes with and without cyanide 
solution. The difference between the measure- 
ments in the two cuvettes at 700 nm was used for 
the compensation. The analytical error at low 
substance fraction between 0.5 and 1.0% was 
estimated from duplicate samples and corres- 
ponded to a coefficient of variation (CV) of 15%. 
At high substance fractions (89%) the CV was 
less (1.4%). 

Assay of MetHb reductase (cytochrome 65 re- 
ductase). A previously described method [7] was 
used in which K,Fe (CN), replaces MetHb as the 
substrate and absorption is measured at 340 nm. 
The analytical error (expressed as CV) was 12%. 
The estimate was obtained from duplicate samples 
within the reference range for healthy adults 
(8.8-13.9 akat/Erc). (The catalytic activity of 
erythrocyte enzymes is expressed in akat/Erc = 
10-8 katal per erythrocyte.) 

Assay of lignocaine and prilocaine in plasma. The 
two drugs in unmetabolized form were measured 
initially by gas chromatography/mass spectro- 
metry and later by gas chromatography with 
nitrogen sensitive detectors. The analytical error 
expressed as CV was estimated to be 5% for both 
methods and the limit of detection was 10 ng ml’. 


Statistical analysts 


The statistical significance of the difference be- 
tween MetHb concentration before application 
and maximum MetHb concentration after ap- 
plication was tested with Student’s ¢ test for 
paired data. P < 0.05 was considered significant. 


RESULTS 


Patient data and type of procedure are listed in 
tables I and II. One patient was born prematurely, 
all the others were born at term. There were no 
clinical signs of methaemoglobinaemia or hypoxia 
in any patient during the study period. Redness at 
the application site was the only local reaction 
reported and was observed in two patients. 
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TaBLe I. Age, sex, weight, hewght, diagnosis and Hb 
concentration of the infants participating m the study. * Pre- 
mature infant (weight at birth 1500 g) 


Age Weight Height Hb 
(months) Sex (kg) (cm) (glitret) Diagnosis 
2 Male 5.9 59 143 Inguinal hernia 
25 Male 6.1 55 109 Anal atresia 
3 Male 6.0 62 102 Phimosis 
2 Female 5.9 57 145 Inguinal hernia 
2 Male 4.3 54 128 Meatal stricture 
3 Male 4.8 53 101 Inguinal hernia* 
2.5 Female 5.8 57 129 Disloc, hip, 

congenital 
2 Male 5.4 54 102 Inguinal herma 
Male 3.5 53 112 Inguinal herma 

1.5 Male 6.0 60 142 


. Anal atresia 


Taare II. Sites of application of EMLA 


Sites of application No. of applications 
Foot 

Cubital fossa 
Hand 

Ankle 
Forearm 


S -PVV 


Met Hb (7%) 
O w AO Q DR 


t 
0 4 8 


Time Ch) 


Fic 1 MetHb values (mean and range) before, 4, 8 and 12h 
after applicanon of EMLA. 


12 


The MetHb substance fraction before appli- 
cation of EMLA ranged between 0.59 and 1.58 % 
(median 1.32 %). After application, the individual 
maximum substance fractions of MetHb in- 
creased, varying from 0.95% to 3.37% (median 
2.24%). (P < 0.001) (fig. 1). The maximal value 
occurred before the application in one patient, at 
8 h in seven and at 4 and 12h in the remaining 
two. 

The individual maximum concentrations of 
lignocaine were in the range 50-412 ug ml~i 
(median 93 ug ml-'); the corresponding values of 
prilocaine were 17-78 ug ml! (median 45 ug 
ml~*) (fig. 2). 
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Fic. 2. Plasma concentrations (mean and range) of lignocaine 
(@) and prilocrine (A) 4, 8 and 12h after applicanon of 
EMLA. (Offset for clarity.) 
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Fic. 3. The relationship between age and maximum MetHb 
substance fracnon. Solid and dashed lines indicate mean and 
95% confidence limits, respectively. 





MetHb reductase (akat/Erc) 
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Fic. 4. The relationship between age and the activity of 

MetHb reductase in the erythrocytes expressed in akat/Erc 

= 107?! katal per erythrocyte. Solid and dashed lines indicate 
mean and 95% confidence limits, respectively. 


EMLA AND METHAEMOGLOBINAEMIA 


There was no correlation (r = —0.37) between 
the age of the patients and the initial MetHb 
concentration before application of EMLA. A 
small increase followed the application and was 
more pronounced in infants younger than 
3 months (fig. 3). Figure 4 shows that there was a 
relationship between age and MetHb reductase 
activity in the erythrocytes from infants aged less 
than 3 months. Figure 5 shows a good negative 
correlation between the maximal MetHb after 
EMLA and MetHb reductase activity. There was 
no correlation between the maximum prilocaine 
concentration and maximum MetHb values (fig. 
6). 


Maximum MetHb (%) 





Met Hb reductase (akat/Erc) 


Fic. 5. Correlation between maximum MetHb substance frac- 
tion and MetHb reductase activity (r = —0.72). 


Maximum MetHb (X) 
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DISCUSSION 


The concentration of MetHb is a balance between 
reactions that form MetHb and those that convert 
MetHb back to Hb [8]. The presumed mechanism 
for the MetHb formation in our patients is the 
metabolism of prilocaine to o-toluidine [9] and 
subsequent oxidation of haemoglobin to super- 
oxide anions, hydroperoxy radicals, hydrogen 
peroxide or intermediate peroxyHb complexes 
[8]. In the present investigation, the plasma 
concentration of the active metabolite was not 
measured. The systemic uptake of lignocaine and 
prilocaine was assessed by the plasma concen- 
trations of the two drugs. 

The in vivo reduction of MetHb depends upon 
the intracellular concentration of NADH and 
cytochrome b5, but the catalytic activity of 
MetHb reductase (cytochrome b5 reductase) is 
probably the rate-limiting factor [10]. The lower 
activity of MetHb reductase in erythrocytes from 
infants aged less than 3 months has been described 
previously [11]. A modification of the assay 
method described previously [4] was required for 
the present study. 

The measured venous plasma concentrations of 
the local anaesthetics were small and well within 
safe limits. The lesser prilocaine concentration 
could be a result of either less uptake or rapid 
transformation to metabolites, including o0-tol- 
uidine. This substance causes the increased 
MetHb formation and measurement of this met- 
abolite would be of interest. Unfortunately, there 





150 


100 
Maximum prilocaine conen (ng m”) 


Fic. 6. Correlation between maximum MetHb substance fraction and maximum prilocaine concentration 
(r = 0.11). 
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was no quantitative method available. The small 
plasma concentration of the parent compound 
(prilocaine), however, together with small MetHb 
fractions, suggests that the uptake from intact skin 
is restricted. 

In no case was there a clinically significant 
increase in MetHb; however, the higher values 
measured after the application of EMLA indicate 
that the balance between formation and reduction 
of MetHb is disturbed. This tendency to increased 
MetHb formation was seen also in the previous 
study [l] in infants aged 3-6 months. The 
explanation for this sensitivity to MetHb-in- 
ducing agents is probably the limited capacity of 
the enzyme MetHb reductase during the first 3 
months of life and is confirmed by the inverse 
correlation between enzyme activity and MetHb 
concentrations. 

There is a need for topical local anaesthetics in 
infancy. Multiple blood-sampling in neonatal 
intensive care results in increases in arterial 
pressure and intracranial pressure. EMLA cream 
reduces the pain of venepuncture [12-14]. Mild 
methaemoglobinaemia is a known side effect of 
one of the constituents of the cream, but is 
generally not considered to be of great clinical 
importance. However, in infants there is a risk 
that other drugs or substances may have an 
additive effect. Cytochrome b5 reductase defici- 
ency has also been reported [15]. MetHb for- 
mation blocks the oxygen binding of the Hb 
subunits involved and increases the oxygen affin- 
ity of nearby subunits. Extensive MetHb forma- 
tion results in a left-shifted oxygen dissociation 
curve and decreased delivery of oxygen to the 
tissues. 

The inhibition of the reduction of MetHb to 
Hb by other compounds may result in clinically 
significant methaemoglobinaemia [3]. This prob- 
lem is more likely to occur in the first 3 months of 
life, when reductive enzyme activity is less, and 
we conclude that EMLA should be used with 
great caution in this age group. 
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ISOLATED HUMAN BLOOD PLATELETS DISCRIMINATE 
BETWEEN ANAESTHETIC AND NON-ANAESTHETIC GASES 


AT HIGH PRESSURES} 


D. J. L. McIVER, N. D. FIELDS AND R. B. PHILP 


SUMMARY 


We have compared the effects of the anaesthetic 
gases nitrogen and argon on adenosine diphos- 
phate (ADP)-induced human blood platelet 
aggregation with the effects of the non- 
anaesthetic gas helium. All three gases showed 
dose-dependent inhibition of platelet aggre- 
gation. For nitrogen and argon there was a linear 
relationship between gas pressure and inhibition 
of aggregation over the range 15-68 atmos- 
pheres absolute (atm abs), whereas helium had 
a threshold for inhibition of approximately 
34 atm abs. The inhibition by all gases was 
reversible after slow decompression. At pressures 
greater than 55 atm abs, nitrogen produced less 
inhibition than helium, indicating anaesthetic— 
pressure antagonism. Whereas pressure alone 
and the anaesthetic gases inhibited aggregation, 
the platelet shape change elicited by ADP was 
resistant to both nitrogen and helium, indicating 
that ADP binding and the early events in platelet 
activation were relatively unaffected by these 
conditions. 


KEY WORDS 


Anaesthetics: gases. Blood: platelet aggregation. Theories of 
anaesthetic action’ prassure reversal. 


There are two important unsolved questions on 
the molecular and cellular mechanisms of general 
anaesthesia: what is the molecular nature of the 
general anaesthetic receptor(s) [1] and how does 
hydrostatic pressure reverse anaesthesia [2]? 
The first question is structural: are the recep- 
tors lipids, lipid-protein interfaces or proteins 
[3]? If the receptors are proteins, do anaesthetics 
act by a global perturbation of protein structure 
[4] or do they act as relatively selective antagonists 


of the binding of endogenous ligands [5]? The 
evidence for and against each of these views has 
been discussed in detail [6,7]. The available 
information favours the proposal that general 
anaesthesia is produced by competitive antag- 
onism of the binding of some, as yet unidentified, 
central nervous system ligand(s). 

The second question is thermodynamic: how 
can increased pressure (the only action of which is 
to reduce volume) reverse so many of the effects of 
anaesthetics on living organisms ? 

The most economical answer to both of these 
questions is the “‘critical volume hypothesis ” [8]: 
anaesthetics expand and pressure compresses a 
single molecular site which is responsible for both 
anaesthesia and pressure reversal. This single site 
approach conveniently lends itself to mathemat- 
ical and experimental modelling, but several lines 
of evidence indicate that the original critical 
volume theory provides an oversimplified rep- 
resentation of general anaesthesia in whole ani- 
mals and that a more complex multi-site hy- 
pothesis is necessary to account for such factors as 
anaesthetic additivity and pressure reversal [9,10]. 

Progress with answering these questions in 
molecular and cellular terms requires the identi- 
fication of pharmacologically relevant anaesthetic 
binding sites in living excitable cells, demon- 
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strating that these binding sites fulfill the cur- 
rently accepted criteria of anaesthetic action [1], 
and eventually isolating and purifying the binding 
molecules. Given the complexity of the nervous 
system and the current ignorance of how and 
where anaesthetics act on it, this remains a 
daunting task. 

We have therefore chosen a relatively simple 
excitable cell—the human blood platelet—in 
which to study the interactions of anaesthetics and 
pressure. These readily available and relatively 
homogeneous cells are similar biochemically to 
central nervous system monoaminergic neurones 
[11]. Platelets exhibit specific ligand-induced 
behaviours (such as shape change and aggre- 
gation) which may be quantified readily in vitro by 
photometric methods [12]. 

Several workers have studied the effects of 
anaesthetics on platelet function [13-15]. Re- 
cently, it has been shown that hyperbaric helium 
inhibits platelet aggregation [16]. In the present 
studies we have examined the pressure—response 
relations for human platelets stimulated to ag- 
gregate by adenosine diphosphate (ADP) in the 
presence of the anaesthetic gases nitrogen or 
argon, or the non-anaesthetic gas helium. Pre- 
liminary accounts of some of this work have been 
presented earlier [17, 18]. 


METHODS 


Hyperbaric apparatus 


A non-magnetic stainless steel pressure chamber 
constructed in the Department of Physiology, 
State University of New York at Buffalo, and 
similar in design to previous descriptions [19], 
was used to apply gas pressure to the platelet 
sample. The internal dimensions of the chamber 
are approximately 8 cm x 6.5 cm; the 4-cm thick 
wall is fitted with penetrations to allow drug 
injection, optically flat methyl methacrylate 
windows rated to a pressure of 250 atmospheres 
absolute (atm abs), electrical connections and 
pressurization and depressurization ports. 

The gases were industrial grade nitrogen, 
argon, helium, carbon dioxide and oxygen (CanOx 
Limited, Mississauga, Ont.) supplied in standard 
industrial cylinders at 2200 Ibf in~? (150 atm abs) 
and delivered to the chamber at the required 
pressure through standard industrial regulators, 
calibrated by the manufacturer. 

Platelet aggregation was monitored by a modi- 
fication of the turbidometric method of Born [12] 
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using solid-state optical components mounted in 
an aluminium block controlled thermostatically at 
37+0.5 °C. Monochromatic infra-red light (A = 
920 nm) from a gallium arsenide light emitting 
diode (Motorola LED 55C) was used to illuminate 
the sample; this wavelength was chosen in order 
to allow the capability of simultaneous spectro- 
photometric or luminescence measurements in 
the visible light range. Platelet-rich plasma (PRP) 
was stirred magnetically in a siliconized glass 
cuvette and the axial optical transmission of the 
PRP was measured by a phototransistor (Motor- 
ola FPT 100). The photodetector half-angle was 
estimated to be 3°. After amplification, the 
phototransistor output voltage was recorded di- 
rectly on a chart recorder, or digitized by an 
analogue-to-digital converter (Interactive Micro- 
ware, State College, Pennsylvania) for analysis by 
the programme of Huzoor, Romstedt and Man- 
hire [20], which uses a least-squares method to 
compute the curve of best fit to the digitized 
recordings, and which calculates the statistics of 
the light transmission changes and derived para- 
meters such as the rate and extent of the reactions. 

Pressure itself did not affect the optical trans- 
mission measurements; similar amounts of light 
were transmitted by a well defined sample of 
polystyrene latex spheres (6-um average diameter 
electron microscopy calibration beads; Poly- 
sciences Inc., Warrington, Pennsylvania) under 
both hyperbaric and normobaric conditions. In 
order to prevent heat inactivation of the PRP, 
compression rates were restricted to 30 atm abs 
min, which caused a temperature increase of the 
sample of only 0.5°C. Greater rates caused 
significant warming of the sample. Reversibility 
of the hyperbaric effects could be demonstrated 
only when even slower decompression rates were 
used, otherwise bubbles were formed which were 
large enough to alter light transmission sub- 
stantially. Empirically, a decompression rate of 
5 atm abs min~ was found to avoid this problem. 

Injection of the aggregating agent (ADP; Sigma 
Chemical Company, St Louis, Missouri) was 
carried out using a commercial high pressure 
liquid chromatography syringe (Hamilton Co., 
Reno, Nevada) rated to 400 atm abs. A length of 
Teflon tubing connected the syringe needle to the 
PRP. 


Blood collection 


Following informed consent, blood was ob- 
tained from the antecubital vein of eight ap- 
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parently normal donors (four male, four female), 
none of whom had consumed non-steroidal anti- 
inflammatory drugs for at least 2 weeks pre- 
viously. Whole blood was drawn into a 10-ml 
plastic syringe and diluted 1:9 with 3.8% (w/v) 
trisodium citrate as the anticoagulant. 


Preparation of plasma samples 


Platelet-rich plasma (PRP) was obtained by 
centrifuging the whole blood at 100 g for 20 min. 
Platelet-poor plasma (PPP) was obtained by 
centrifuging the blood at 3000 g for 5 min. PRP 
platelet counts were carried out using unstained 
cell samples fixed with 2% glutaraldehyde (Poly- 
sciences). The cells were counted in a Neubauer 
type haemocytometer using differential inter- 
ference contrast (Nomarski type) and a 100x 
strain-free plan apochromat objective fitted to a 
Nikon Optiphot microscope. The distribution of 
aggregate sizes (see results) in PRP samples fixed 
at pressure with glutaraldehyde was determined 
by a similar procedure. The PRP platelet count 
was adjusted to 300000 ul- where necessary by 
dilution with PPP. Four hundred-microlitre ali- 
quots of PRP were placed in aggregometer 
cuvettes, and stored at room temperature under 
an atmosphere of 5% carbon dioxide in air [21]. 
The PRP was allowed to equilibrate with the 
mixture for at least 30 min. 


Aggregation procedure 


Cuvettes containing PRP and PPP were used to 
standardize the light transmittance for each 
experiment, the difference in transmittance be- 
tween PRP and PPP being set to 80% of the full 
scale recording. Cuvettes containing 400 pl of 
temperature-equilibrated PRP were placed in the 
chamber, stirring at 1000 r.p.m. commenced and 
pressurization to the desired pressure carried out 
at a rate not exceeding 30 atm abs min“. After the 
experimental pressure was attained, a period of 
4 min was allowed for gas equilibration with the 
PRP. This time was based on measurements of 
the kinetics of changes in the pH of PRP stirred in 
ageregometer cuvettes in response to alterations 
in the ambient carbon dioxide pressure and the 
assumption (based on the inverse relationship 
between molecular weight and diffusion coeff- 
cient) that equilibration of the other gases with 
the stirred plasma would not be slower than that 
of carbon dioxide. 

For each PRP sample, aggregation dose- 
response curves to ADP were carried out at 1 atm 
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abs, using a 1.7 x 10-*-mol litre! solution of ADP 
in 0.9% sodium chloride. The time limitations 
imposed by the pressure experiments prevented 
our obtaining full ADP-agegregation dose- 
response curves for each donor preparation at 
high pressures, so for the hyperbaric experiments, 
an attempt was made to standardize the ag- 
gregation responses in view of the variation in the 
responses to ADP of the different platelet popu- 
lations: the dose of ADP which produced a 
biphasic aggregation response at 1 atm abs was 
used as the stimulus at pressure. The concen- 
trations of ADP used were thus 6—12 x 10-8 mol 
litre-!, as has been reported previously [22]. 
Aggregation was measured for 5 min following 
the addition of ADP. 


Experimental design 


Experiments were carried out with nitrogen 
and helium at 34 and 68 atm abs, and with argon 
at 34atmabs. There is considerable inter- 
individual variability in the response of PRP to 
ADP, so a randomized block design was chosen to 
minimize confounding or masking of the inert gas 
effects by inter-individual variation. However, 
because of the time required to carry out the 
pressure experiments, it was not possible to test 
all of the gas combinations on the same batch of 
PRP. Thus the experiments were designed to 
compare the effects of the pressure-gas combina- 
tions shown below: i 


(A) Helium 34 atm abs vs Nitrogen 34 atm abs 
(B) Nitrogen 34 atm abs vs Argon 34 atm abs 

(C) Helium 34 atm abs vs Nitrogen 68 atm abs 
(D) Helium 68 atm abs vs Nitrogen 68 atm abs 


Data were also obtained with nitrogen and 
heliurn at 15 atm abs and 45 atm abs. 

The aggregation curve heights were determined 
5min after the addition of ADP, the results 
analysed using analysis of variance, and the level 
of significance of difference was assessed using the 
Student Newman-Keuls test. 


RESULTS 


Figures 1-5 show that helium, nitrogen and argon 
inhibit ADP-induced platelet aggregation in the 
pressure range 15-68 atm abs, but there are 
significant differences in the details of the gas- 
platelet interactions. 

Figure 1 shows the measurements of light 
transmission during a single experiment in which 
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Frc. 1. Effects of helium 34 atm abs or nitrogen 34 atm abs on 
the change in PRP light transmission in response to adenosine 
diphosphate (ADP) 6 x 107 mol litre). 


samples of PRP were exposed to ADP at 1 atm 
abs (control) or 34 atm abs of helium or nitrogen. 
The latter pressure was chosen as an example 
because it represents the upper limit of hydrostatic 
(helium) pressure which may be applied without 
inhibiting the maximal extent of platelet ag- 
gregation, and because it illustrates the clear 
difference in effects of nitrogen (which is narcotic 
at this pressure) and helium (which is non- 
narcotic at this pressure). In this particular 
experiment, the dose of ADP which produced a 
biphasic wave of aggregation was 6x 107° mol 
litre. The transient decrease in light trans- 
mission associated with the initial disk-to-spiny- 
sphere shape change was seen under all three 
conditions, as were the first and second waves of 
aggregation. The time to onset of shape change 
and of the first wave of aggregation did not differ 
significantly between the three conditions (P < 
0.05). At this pressure of helium a small but 
statistically significant (P < 0.01) difference in the 
rate of second phase aggregation was just be- 
coming evident—a trend which was more marked 
at higher pressures (see below). The fluctuation in 
the axial light scattering was also less in the 
sample exposed to helium at this pressure, which 
indicates that the aggregate size was smaller. This 
conclusion was confirmed by direct microscopic 
observation of the aggregate size distribution of 
PRP samples fixed under hyperbaric conditions 
by injection of glutaraldehyde (final concentration 
2%) into the aggregation cuvette 5 min after the 


BRITISH JOURNAL OF ANAESTHESIA 











Control 
1 atm abs 


Nitrogen 
68 atm abs 


Heltum 
68 atm abs 


Light transmission Carbitrary units) 


Time (min) 


Fic. 2. Effects of helrum 68 atm abs or nitrogen 68 atm abs 
on the change of PRP light transmission in response to ADP 
6 x 1078 mol litre~i. 
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Time (min) 
Fic. 3. Reversibility of the effects of helium 68 atm abs pres- 
sure on the change in PRP light transmission in response to 
ADP 6x 1078 mol litre™’. A. Control response (1 atm abs). B: 
Response at 1 atm abs after compression to 68 atm abs and de- 
compression at a rate of —5 atm abs min“. For additional 
details see Methods section. Similar results were obtained 

with nitrogen. 


addition of ADP, and continuing stirring for 
5 min before decompression (results not shown). 
However, by 5 min after stimulus addition (the 
maximum time recorded), the sample compressed 
by helium 34 atm abs achieved an increase in light 
transmission which did not differ significantly 
from the control response at 1 atm abs. This trend 
was also observed in the pooled results of six 
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Fic. 4. Comparison of the pooled 5-min curve heights for the effects of nitrogen, argon and helium on 
the change ım PRP light transmission in response to ADP Each point represents the mean (SEM) of six 
separate measurements. Significant differences: *P < 0.05; **P < 0.01. For additional details see text. 


experiments. In contrast, the same pressure 
(34 atm abs) of nitrogen produced a reduction in 
the rate and extent (P < 0.01 in both cases) of 
aggregation. 

Figure 2 shows the effect of increasing the 
nitrogen or helium pressure to 68 atm abs, the 
maximum pressure investigated in the present 
study. The trends were reversed when compared 
with figure 1: helium was more inhibitory than 
nitrogen. The second phase of aggregation was 
virtually abolished by helium at this pressure. 
The difference between nitrogen and helium is 
significant at the P < 0.05 level. 

Figure 3 shows that the effects of helium 68 atm 
abs pressure were reversible. When compression 
and decompression were carried out as described 
in the methods section, indistinguishable re- 
sponses to ADP at 1 atm abs were obtained before 
and after exposure of the PRP to hyperbaric 
conditions. The effects of nitrogen were similarly 
reversible (results not shown). 

Figure 4 shows the pooled results of 5-min light 
transmission measurements obtained from six 
separate experiments in which PRP samples were 
exposed to various pressures of nitrogen or 
helium. In addition, a comparison of the more 
potent anaesthetic gas argon was made at 34 atm 
abs. All conditions (with the exception of helium 
34 atm abs) were significantly different (P < 0.05 
or less) from the control responses at 1 atm abs. 
The trends shown in figure 3 are confirmed in this 
larger sample. In addition, argon inhibited ag- 
gregation significantly more than nitrogen at the 
game pressure (P < 0.05), 

In figure 5, the data for the effects of helium or 
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Fic, 5. Pressure-response curves for the effects of mitrogen 

or helium on ADP-induced changes in PRP light trans- 

mission. W = Control response (1 atm abs); A = responses 

under nitrogen pressure; © = responses under helium pres- 

sure. Each pot represents the mean (SEM) of four to six sep- 
arate measurements. 


nitrogen in the range 15—68 atm abs are plotted as 
gas dose (pressure)}-response curves, with re- 
sponses normalized to the control response at 1 
atm abs as 100%. 


DISCUSSION 


The present observations may be summarized as 
follows: First, anaesthetic gases and pressure 
alone show dose-dependent and reversible in- 
hibition of platelet aggregation, and in the limited 
sample studied here there is a correlation with 
anaesthetic potency: the more potent anaesthetic 
gas argon has greater inhibitory effects than the 
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weaker gas nitrogen. The latter point requires 
more detailed examination with a wider range of 
soluble (i.v.) and gaseous anaesthetics (e.g. nitrous 
oxide, fluorinated hydrocarbons). Second, an 
anaesthetic~pressure antagonism is evident: sig- 
nificantly less inhibition of platelet aggregation is 
seen with nitrogen than with helium at the greater 
pressures (68 atm abs). Finally, there is a good 
nymerical correlation between the threshold pres- 
sure we observed for helium inhibition of platelet 
aggregation (34 atm abs) and the onset of signs of 
the high pressure neurological syndrome in mice 
(approximately 30 atm abs, dependent on the rate 
of compression [23]). 

The thermodynamic effect of pressure on any 
physical or chemical process is to reduce volume, 
the conjugate variable of pressure. Consider, for 
example, a pressure sensitive process such as a 
thermotropic lipid phase transition (a popular 
target for theories of anaesthesia, if not necessarily 
for anaesthetics themselves). Pressure sensitivity 
dictates that there must be molar volume differ- 
ences between the initial and final equilibrium 
states (AV) or between a transition state activated 
complex and the equilibrium state (AV*). When 
pressure is applied to a system which can undergo 
a non-isovolumetric transition, the state of lower 
molar volume is preferred, which is the standard 
prediction of the Clapeyron—Clausius equation 


ar dT/dP = T-AV/AH 


where T = the transition temperature; P = press- 
ure; AV and AH = discontinuities in molar vol- 
ume and enthalpy associated with the phase 
transition. 

The molecular effect of pressure on most 
substances is to hinder molecular motion—that is, 
most reactions are “frozen” by increased pres- 
sures, and temperature and pressure act usually in 
opposite directions. Water at physiological 
temperatures is a notable exception to this rule; 
its unusually bulky structure [25] leads to the 
familiar observation of ice melting under pressure. 
It has been recognized for some time that 
protein—solvent interactions are sensitive to pres- 
sure [26], as are several ligand-binding events 
which involve molar volume changes [27]. More 
recently, it has been shown that the temperatures 
of lipid phase transitions are increased by in- 
creased pressures [28]. 

Which of these processes, alone or in com- 
bination (the solvent water, proteins, solutes or 
lipids) may be involved in the actions of anaes- 
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thetics and pressure on the molecular and cellular 
events involved in stimulus—response coupling 
in blood platelets? 

Unfortunately, the present studies do not 
yield unique answers to these questions: the 
“simplicity” of platelet aggregation as a model 
biological process is more apparent than real. 
Isolated platelets deploy the full biochemical 
repertoire of excitable cells, and aggregation is 
itself the ultimate result of a complex series of 
preceding events. The present results indicate 
that several of these events may be sensitive to 
anaesthetics, pressure, or both. This conclusion is 
consistent with the idea that there may be many 
classes of anaesthetic binding site in vivo, a long- 
held view that has now been given a name of its 
own: the “degenerate perturbation hypothesis” 
[3]. What do the present studies indictate for 
potential molecular candidates for anaesthetic or 
pressure sensitivity in ADP-induced platelet ag- 
gregation? 

The events between ligand binding to platelet 
surface receptors and the formation of photo- 
metrically detectable aggregates has been sum- 
marized elsewhere [11]. Neither helium pressure 
nor nitrogen affects the platelet shape change to 
ADF in the concentrations used, and these agents 
do not affect the initial rate of first phase 
aggregation, indicating that under these condi- 
tions, ADP-receptor interactions, initial calcium 
mobilization, actin—myosin interactions and first 
phase fibrinogen receptor expression do not have 
a pressure- or anaesthetic-sensitive activation 
volume AV*. However, the extent of first phase 
aggregation is reduced by helium, and less so by 
nitrogen, indicating that the steady first phase 
aggregation reaction does have an overall positive 
reaction volume, V, and that anaesthetics antago- 
nize pressure effects on the underlying molecular 
processes. The fact that nitrogen narcosis occurs 
only under hyperbaric conditions complicates the 
assignment of these effects to “anaesthesia” or 
pressure per se and is a further incentive to 
carrying out these types of studies with substances 
which are anaesthetics at atmospheric pressure, 
for example [29]. As they stand, the present 
results do not enable us to distinguish between the 
single site (i.e. critical volume) and multi-site 
models of pressure—anaesthetic interactions in 
isolated platelets. 

Even more marked effects are seen on the 
second phase of aggregation—that is, on those 
events associated with the release of platelet 
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granules. At 68 atm abs this phase is inhibited 
completely by helium pressure and reduced 
significantly by nitrogen. Candidates for pressure 
and anaesthetic sensitivity in secondary aggre- 
gation include the granule release reaction and the 
post-release events involved in cell—cell adhesion 
(aggregation). Distinguishing between pre-release 
and post-release events requires direct measure of 
the pressure and anaesthetic sensitivity of the 
release reaction itself. We attempted to measure 
granule release by the traditional technique of 
luciferase determination of granule ATP secretion 
[30], using a fibre light guide and photon counting 
of luciferin-luciferase luminescence. However, 
these studies were complicated by the direct 
effects of anaesthetics and pressure on the in- 
dicator reaction; when corrections for these effects 
were made it was difficult to discern effects on the 
platelet release itself. A better approach would be 
to measure the amount of granule release under 
conditions where the experimental variables pres- 
sure and anaesthetics do not interfere with the 
measurement or to study pre-release events in the 
presence of a pharmacological inhibitor of release. 

Molecular mechanisms in the release reaction 
which could be pressure or anaesthetic sensitive 
include calcium translocation (release from stores 
or binding to calcium-dependent effector mole- 
cules), granule-plasma membrane interactions 
(possibly protein-mediated) and lipid mixing or 
fusion between the adhering membranes. In the 
latter process (membrane fusion) pressure studies 
have recently shown a direct inhibitory effect 
attributed to freezing of the lipid chains [31, 32], 
and possible prevention of the adoption of non- 
bilayer phases which may be intermediates in the 
fusion process. Direct evidence that anaesthetics, 
in clinically effective doses, significantly alter 
intracellular calcium transport is both limited and 
controversial [33]. If, however, calcium trans- 
location in platelets does turn out to be sensitive 
to pressure or anaesthetics, or both, modellistic 
considerations [34] would predict effects on 
calcium release rather than binding, as the former 
reaction is expected to have a positive reaction 
volume. Protein-facilirated lipid vesicle fusion 
has been studied in detail using the adrenal 
chromaffin granule protein synexin as a prototype 
[35], but the pressure and anaesthetic sensitivities 
of this reaction have not yet been determined, and 
an analogous reaction in platelet granule release 
has.not yet been identified. 

Other reactions which could be candidates for 
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the inhibitory effects of pressure or anaesthetics 
on second phase aggregation include the ex- 
pression of fibrinogen receptors (the so-called 
glycoprotein Ila-ITIb complex (36, 37]) or the 
binding of fibrinogen itself. None of these possi- 
bilities has yet been explored. 

These studies of pressure—anaesthetic inter- 
actions in platelets raise more questions than they 
answer, but they do perhaps indicate an approach 
to investigating the molecular and cellular mech- 
anisms of anaesthetic actions in excitable cells 
which may help in answering the question “ what 
are the molecular and cellular receptors for 
general anaesthetics ? ” 
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PAIN MANAGEMENT IN PAEDIATRIC PATIENTS 


A. R. LLOYD-THOMAS 


There has been considerable discussion in both 
the medical and lay press on the adequacy of pain 
relief for children, especially neonates. This 
article reviews the application of analgesic tech- 
niques for children in acute pain, but considers 
neonates separately. 


Is current pain management adequate ? 


There is substantial evidence that pain is 
undertreated in children [21, 67, 101, 127, 139, 
169, 177, 196, 214, 216]. Indeed, direct com- 
parisons of analgesic usage between adults and 
children show consistently that children receive 
fewer, less frequent and smaller doses of potent 
opioids, whilst minor analgesics are given much 
earlier in the postoperative course [21, 139, 196]. 
Infants are even more likely to be undermedicated 
[21, 196]. The reasons for withholding analgesia 
are numerous and include an overriding concern 
that patients may be harmed by the use of these 
drugs, a persistent notion that children do not 
respond to pain to the same degree as adults, and 
errors in dosage frequency and route of admini- 
stration [167]. Fears of respiratory depression, 
cardiovascular collapse, depressed levels of con- 
sciousness and ultimately addiction lead both 
nursing [3, 37, 45,50, 67, 127, 140,239} and 
medical staff [136] to limit prescription of potent 
analgesics. It is hardly surprising, therefore, that 
conventional management of pain in children is 
inadequate and the study reported by Mather and 
Mackie [139] is probably typical of practice in 
many units (75% of children were in pain on the 
day of surgery, 13% of them in severe pain; on 
the first day after operation 17% were in severe 
pain). 

A first step in improving the management of 
patients must be an improved ability to assess 
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pain, especially in the younger pre-verbal child 
for whom communication of discomfort is very 
difficult. 


TECHNIQUES OF PAIN ASSESSMENT 


Children may respond to pain by withdrawal, 
possibly expecting that pain is normal and has to 
be tolerated or, for example, because of fear of 
further discomfort associated with conventional 
i.m. administration of analgesic. Withdrawal is 
interpreted by attending staff as an indication of 
comfort and that the child is “‘ coping well” [139]. 
To overcome these problems and to facilitate 
analgesic research in children, a number of pain 
scales have been developed which rely upon self- 
reporting or behavioural indices. There are, 
however, problems in quantification of pain in 
children. First although observer behavioural 
rating may be used to assess pain, self-reporting 
is necessary also to overcome the covert aspects of 
pain as mentioned in the example above. Second, 
the differentiation between anxiety and pain may 
be very difficult [108]. Third, developmental 
changes in the response to pain by the child may 
render certain measures invalid for different age 
groups. 

Self-reporting scales rely upon visual analogue, 
sensory association and verbal response. Several 
variations of visual analogue scales have been 
developed for children; these range from a 
thermometer-like scale [103], a 10-cm scale [2], 
to a sequence of faces (fig. 1) [34, 143]. Sensory 
association relies upon colour choice (most chil- 
dren associating pain with red) and this technique 
has been advocated by several workers (67, 143, 
199]. Simple association schemes may not be 
useful in older children [194] whose response to 
problem solving has become analytical rather than 
intuitive [199]. Verbal reporting scales have been 
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Fic. 1. Visual analogue scale, as a sequence of faces, designed for use in young children [143}. 


applied widely in children older than 5 yr (91, 
143]. They should be limited to a maximum of 
five categories as even adults find more complex 
scales difficult to use [245]. 

Behavioural observation methods circumvent 
the potential comprehension difficulties inherent 
in any paediatric self-reporting scale. They are 
also unobtrusive, independent of verbal skills, 
reflect the social environment and may be more 
objective. Several systems are available, includ- 
ing: Procedural Behavioural Rating Scale (PBRS) 
[108], Observational Scale of Behavioural Distress 
(OSBD) [103], Procedure Behaviour Checklist 
(PBCL) [116], Childrens’ Hospital of Eastern 
Ontario Pain Scale (CHEOPS) [129], Infant Pain 
Behaviour Rating Scale (IPBRS) [52], and scales 
based upon facial expression (Affex) [99]. Several 
authors have reported useful correlation between 
behaviour observation and self-reporting scales 
[34, 143], but there appears to be less agreement 
between the methods in only mild or moderate 
pain [34]. 

These scales may be promising in pain research 
and in increasing awareness of pain in the clinical 
setting. They are not without limitations: they 
may be specific to the setting in which they have 
been developed [109] and may not encompass 
changes in pain behaviour which occur in older 
children (for example, the change from diffuse 
vocal protest and movement in young children to 
more specific complaints and muscular rigidity in 
older children [108]). For a comprehensive review 
the reader is directed to Ross and Ross [187]. 

Having identified the severity of pain, a sys- 
tematic approach to its treatment is dependent 
upon an understanding of the physiology of pain 
transmission. 


MECHANISMS OF PAIN TRANSMISSION 


Physiological research using microneurographic 
recordings in humans [222] has clearly identified 
a class of cutaneous receptors, termed nocio- 
ceptors [206]. Both by the direct effect of the 


stimulus and by indirect effects of chemical 
mediators, nociceptors encode the occurrence, 
intensity, duration and location of the noxious 
stimulus. Transmission of this information to the 
central nervous system is by myelinated (Ad 
fibres) and unmyelinated (C fibres) nerves which 
subsequently enter the dorsal horn of the spinal 
cord and terminate within the outermost laminae 
of the spinal grey matter, the marginal layer and 
the substantia gelatinosa [20]. Profuse contacts 
are then made with two types of spinal cord 
nociceptive cells [247]. The nociceptive specific 
cell, which is believed to respond only to noxious 
input, projects via the ventrolateral quadrant 
of the spinal cord, through the ventroposterior 
thalamus to the postcentral gyrus [49]. The wide 
dynamic range cell responds differently to noxious 
and non-noxious stimuli and projects indirectly to 
a large number of higher centres, including the 
reticular formation and thalamus [232]. Rostrad 
transmission of noxious stimuli by these pathways 
is modulated by the convergence of non-noci- 
ceptive inputs [233], together with powerful 
segmental and supraspinal controls (73, 74] the 
actions of which are mediated chemically by 
monoamines and endogenous opioids acting at 
receptors sited extensively in the areas of the 
central nervous system involved in pain trans- 
mission [20]. For further detail, the reader is 
directed to the excellent review by Besson and 
Chaouch [20]. 

These observations allow a logical approach to 
the pharmacological control of pain, but the 
questions of critical interest to all involved in the 
management of pain in children are: how rapidly 
does this complex system of pain perception 
develop, and how does growth and development 
influence the response to interventions aimed at 
relieving pain? 


DO. NEONATES FEEL PAIN? 


Until recently there was a widespread consensus 
which suggested that neonates are not capable of 


PAIN MANAGEMENT IN PAEDIATRIC PATIENTS 


feeling pain. This opinion was supported by 
evidence, from many sources: that neonates may 
cry for a short period, even after major surgery, 
but they soon settle and sleep, especially if they 
can be fed [88]; that the response to a painful 
stimulus was decorticate, often until at least 6 
months of age [130]; that there is little response to 
minor surgery undertaken without anaesthesia or 
any form of pain relief [151]; that the pain 
pathways, especially thalamocortical radiations, 
were not developed and myelination of those 
pathways which did exist was far from complete 
[221]; and that there are higher concentrations of 
endogenous opioids in plasma [53,235] and 
cerebrospinal fluid [165] which, coupled with 
immaturity of the blood-brain barrier, may lead 
to modulation of pain perception [88]. It has also 
been argued that immaturity of pain perception is 
a physiological mechanism designed to protect the 
neonate from the trauma of birth [24]. The 
concept that neonates do not feel pain was very 
convenient, in that pain relief could justifiably be 
withheld and the well recognized dangers of 
giving powerful analgesics to these patients could 
therefore be circumvented. Indeed, this practice 
may be reinforced by physicians who routinely 
perform painful procedures and who reduce their 
own sympathetic distress by cognitive restruc- 
turing which is expressed as a disbelief in the 
subjective distress of the infant [166]. 

However, there is an increasing body of scien- 
tific evidence which suggests that neonates do 
respond to noxious stimuli, and which refutes the 
concept of an inability to perceive pain. Indeed, 
the expression of distress in response to tissue 
damage is of utmost importance to the survival of 
an organism and logically it should, therefore, be 
present at birth or develop rapidly thereafter [99]. 
Observations of movement [173], cardiovascular 
variables [72, 95, 242], facial expression [64, 100] 
and crying [121, 172, 237] have all suggested a 
significant adverse response to painful procedures 
(e.g. circumcision and heel lancing) in neonates 
and infants. Furthermore, the response to cir- 
cumcision may be minimized by administration of 
local anaesthetic blocks [95, 146, 178, 242], clearly 
suggesting that nociceptive mechanisms are well 
developed in neonates. Further neuroanatomical, 
neurophysiological, neurochemical, hormonal, 
metabolic, physiological and behavioural evidence 
supporting this view is cited in the excellent 
review by Anand and Hickey [5]. Whilst caution 
is required in interpreting the assertion that 
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metabolic and hormonal responses to surgery may 
be an indication of central pain perception [7], the 
extensive data which now exist move the burden 
of proof to those who maintain that nociception is 
not developed in neonates. 


PAIN RELIEF IN NEONATES 


Surgical operations, invasive procedures or the 
need for intensive care may give rise to a 
requirement for analgesia in neonates. Indeed, it 
has been shown that opioid administration can 
minimize the cardiovascular response to surgery 
[182, 248] and blunt harmful increases in pul- 
monary vascular resistance during tracheal suc- 
tion [92], and it has also been suggested that the 
clinical outcome of premature neonates having 
major surgical operations is improved by modi- 
fying the hormonal and metabolic stress response 
with opioid analgesics [6]. However, there is an 
increased susceptibility in neonates to the de- 
pressant properties of opioids [23S], and there are 
numerous anecdotal reports of profound res- 
piratory depression following administration of 
opioids. This enhanced sensitivity may be caused 
by altered pharmacokinetics from immature ex- 
cretory pathways [51, 54, 111, 112, 124, 125, 164, 
229], increased permeability of the immature 
blood-brain barrier [115, 192], increased concen- 
trations of endogenous opioids in blood and CSF 
[53, 165] and changes in the proportion of Mu-1 
(analgesia) and Mu-2 (respiratory depression) 
opioid receptors during early neonatal life. Ex- 
perimental studies suggest that the proportion of 
Mu-1 receptors is low at birth [120, 168], thereby 
increasing the risk of respiratory depression. 
Accordingly, the increased sensitivity to opioids 
suggests that these patients be considered in two 
groups, namely those receiving respiratory sup- 
port and those breathing spontaneously. 


Neonates receiving respiratory support 
Respiratory support with intermittent positive 
pressure ventilation (IPPV) removes the risk of 
harmful effects from opioid-induced respiratory 
depression. Indeed, suppression of respiratory 
drive may be useful in facilitating accommodation 
with IPPV, thus diminishing the need for neuro- 
muscular blocking drugs. Other potential benefits 
of the administration of opioids (especially for 
major surgery) [4,6] may be considered to 
outweigh the advantages of resuming spontaneous 
ventilation following the operation. This decision 
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and the ability to meet a consequent increase in 
the demand for respiratory support depend upon 
local circumstances ; however, all neonates should 
be cared for in designated units with the expertise 
necessary to manage artificial ventilation. 
Fentanyl has now been used widely in neonates 
and its administration is associated with cardio- 
vascular stability even after high doses used 
during cardiac surgery (up to 50 ug kg) [182]. 
Blunting of the cardiovascular response to surgery 
(for up to 120 min) can be achieved with an initial 
dose of 12.5 ug kg! [248] and the pulmonary 
response to tracheal suction by a dose of 25 ug 
kg [92]. Both authors reported that cardiac 
output and systemic vascular resistance were 
unaltered by fentanyl, although Yaster [248] 
observed an initial decrease in heart rate (13%) 
and arterial pressure (9%) in all his patients 
irrespective of the dose administered (2.5-12.5 ug 
kg). Depression of baroreflex heart rate control 
has been observed after fentanyl 10 ug kg"! [160] 
and this may be involved in the cardiovascular 
changes noted by previous workers [248]. For 
sedation and analgesia during intensive care an 
infusion rate of 2—4 ug kg~' h“! has been found to 
be useful and associated with cardiovascular 
stability. Evidence suggests that the volume of 
distribution and total body clearance are greater 
in neonates than in adults [111] and therefore a 
larger initial dose may be required to achieve a 
given plasma concentration. However, excretion 
is delayed because the elimination half-life of 
fentanyl is prolonged in neonates (129 min adults, 
233 min neonates) [111] and may be even longer 
in pre-term babies [51], although there were large 
interpatient differences in both studies. 
Morphine has been used successfully in neo- 
nates receiving IPPV. Several groups have shown 
that the mean elimination half-life of morphine is 
significantly longer in neonates (6—7 h) than older 
infants (3—4 h) and adults (2h) [112, 125, 229]. 
Whilst clearance values are smaller in neonates 
compared with adults, the volume of distribution 
is the same [112,125]. The combination of 
delayed excretion (probably because of immature 
liver enzyme systems) and enhanced sensitivity 
have important clinical consequences. The action 
of a single dose is prolonged and during infusions 
morphine tends to cumulate. If the rate of 
administration is excessive, plasma concentrations 
increase and unwanted side-effects, such as seiz- 
ures, occur [112]. Experience in adults suggests 
that impairment of cardiovascular, hepatic or renal 
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function results in a further delay in excretion and 
prolongation of action. Most neonates receiving 
respiratory support can be managed successfully 
with an infusion of morphine 10 ug kg bh“! and 
the infused dose should not exceed 15 pg kg? hœ. 
Prolonged administration of either fentanyl or 
morphine results in cumulation, therefore in- 
fusions should be reduced or discontinued well in 
advance of an attempt to wean from IPPV. 
Work with sufentanil 35-40 ug kg? during 
cardiac surgery has suggested that it may be a 
promising drug for neonatal anaesthesia [4]. 
Alfentanil has yet to be studied in the neonate, but 
evidence from older children indicates that re- 
covery from its effects may be more rapid [150]. 


Neonates breathing spontaneously 


It has been recommended that powerful opioid 
analgesics (morphine and papaveretum) should be 
used in spontaneously breathing neonates after 
minor surgery, provided that the patients are 
nursed in an intensive care setting [78], but are the 
benefits to be obtained by the administration of 
these drugs (especially after minor surgery) suf- 
ficient to justify their routine use, given the 
substantial risk of respiratory depression [174]? I 
would suggest that the benefits do not outweigh 
the risks, but simply ignoring the need for 
analgesia in these patients is not an acceptable 
alternative. It is essential, therefore, to consider 
other techniques of pain relief for these patients. 

The first step in the provision of analgesia for 
neonatal surgery is the administration of adequate 
anaesthesia. Pulse oximetry can provide a con- 
tinuous and reasonably reliable indication of 
haemoglobin saturation, allowing the safe admin- 
istration of a higher concentration of nitrous oxide 
in oxygen than the traditional 50% used com- 
monly in neonatal anaesthesia. We also now know 
that the minimal alveolar concentration (MAC) of 
halothane and isoflurane is lower in neonates and 
pre-term babies than in infants [117, 119]. Pro- 
vided that the patient is normovolaemic, the 
administration of 1 MAC (corrected for age) does 
not result in unacceptable hypotension as de- 
scribed previously [59, 248]. Supplementation of 
nitrous oxide in oxygen anaesthesia with 0.5-1.0% 
halothane has been shown to blunt the metabolic 
response to surgery and to result in fewer 
postoperative complications (e.g. persistent tachy- 
cardia) in term neonates [7]. Balanced anaes- 
thesia may be given safely to most neonates and 
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the benefits of such techniques may be seen for 
several hours after surgery. 


Analgesic drugs 

Codeine phosphate 1 mg kg™ is a popular and 
effective opioid analgesic for neonates. A single 
dose is often all that is required, after which the 
risk of respiratory depression is very small. It may 
be given orally or by i.m. injection, but should 
never be given i.v. [201]. Patients should be 
observed closely, especially those receiving mul- 
tiple doses, as significant respiratory depression 
has been reported under these circumstances 
[174]. 

Paracetamol 10 mg kg™ given either orally or 
rectally is the other popular and useful analgesic 
for neonates [153, 171]. It is a weak analgesic, but 
useful in the management of minor discomfort 
which may occur, for example, when a regional 
anaesthetic block wears off. It should be avoided 
in patients with jaundice. 

Of the powerful opioids, papaveretum and 
injection pethidine compound cause a high in- 
cidence of respiratory depression in neonates 
[174], but morphine sulphate appears to be a safer 
choice [63, 112,174]. The narrow therapeutic 
range of these drugs in neonates suggests that the 
cyclical plasma concentrations associated with 
bolus (i.v. or i.m.) administration may increase 
the risk of respiratory depression at peak plasma 
concentrations and yet allow periods of possibly 
sub-optimal analgesia as drug concentrations 
decrease. Administration of morphine to spon- 
taneously breathing neonates should be limited to 
patients having undergone major surgery and 
therefore being cared for in an intensive care 
setting. This allows appropriate monitoring [78] 
and facilitates administration of morphine by i.v. 
infusion. Morphine 5—7 pg kg h~! allows main- 
tenance of plasma concentrations adequate for 


analgesia and avoids respiratory depression (table 
I) [63]. 

Experimental studies and experience with the 
newer opioid partial agonists (buprenorphine, 
nalbuphine and meptazinol) in neonates are 
limited. Their property of analgesic activity 
comparable to low to moderate doses of morphine 
associated possibly with less respiratory depres- 
sion [126] has theoretical attractions for neonatal 
use. However, it remains to be seen if their actions 
at different opioid receptors [138], which have 
been described from animal and adult studies, are 
applicable to the developing nervous system of 
neonates. Similarly, investigation in neonates of 
non-steroidal anti-inflammatory drugs is also very 
limited. 


Regional analgesia and nerve blocks 


Most of the techniques mentioned below in the 
section on regional anaesthesia may be applied to 
neonates. Provided that toxic doses of local 
anaesthetics are avoided, good analgesia can be 
provided for neonates without the risk of res- 
piratory depression inherent in the use of opioids. 
For minor and intermediate surgery in neonates, 
pain relief by wound infiltration, peripheral nerve 
block or single-shot regional analgesia should be 
the techniques of choice. Moreover, regional 
anaesthesia may be safer as a sole anaesthetic 
technique for some neonatal surgery (e.g. anal 
cut-back). 

Neonates are at greater risk of toxicity from 
local anaesthetic drugs. Elimination half-lives are 
prolonged two- or three-fold [40, 135, 148, 157] 
and microsomal enzyme metabolism is greatly 
reduced, with significant quantities of local an- 
aesthetic being excreted unchanged in the urine. 
There is a larger volume of distribution at steady 
state for these drugs which may confer some 
clinical protection from toxicity by reducing 


TABLE I. Preparation and administration of morphine by infunon. The infusion rate should be titrated 
against patient response. If required, boluses of 100-200 ug kg may be given at the start and top-up doses 
of 50-100 pg ke every 4 h. Avoid bolus admumstration tm neonates 


Dose of morphine 
sulphate Dilution 
0.5 mg/kg body Make up to 
weight 50 mi with 
5% glucose 


Concentration Infusion rate 
1 mi h Neonates 
= 10 ug kg? h-i 0 5-1.5mi h} 
5—15 ug kg th? 
Infants and children 
0 5-4 ml h7? 


5-40 ug kg-* ho? 
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plasma concentrations [226]. However, plasma 
concentrations of albumin and alpha-1l-acid gly- 
coprotein (AAG), both of which are involved in 
binding local anaesthetic drugs, are low in the 
neonatal period and in early infancy [158]. The 
consequent reduction in local anaesthetic protein 
binding results in a greater free fraction in 
neonates than in children [220, 226|—~a difference 
that persists until the age of 6 months [148]. The 
significance of an increase in free fraction is not 
clear. A blood concentation of lignocaine 2.5 ug 
ml! has been found to be neurologically toxic in 
neonates whereas the toxic threshold for adults is 
believed to be 5 ug mi~ [176]. A free concentration 
of bupivacaine 0.2 ug m]~! has been considered to 
be neurologically toxic in awake adults [226], but 
Mazoit and colleagues [148] reported free concen- 
trations greater than this value following caudal 
anaesthesia with bupivacaine 2.5 mg kg in in- 
fants, and they found no evidence of toxicity. 
However, their study also involved general an- 
aesthesia, which has a protective effect against 
local anaesthetic toxicity. 

If excessive doses are administered, CNS 
depression occurs readily, resulting in sedation 
and impaired respiratory performance. Therefore, 
great care should be taken in children less than 
6 months old to use the minimum dose of local 
anaesthetic possible, remembering that the mini- 
mum concentration required to block nerve 
conduction (Cmin) is reduced in young children 
because myelination is incomplete [241]. It is 
inadvisable to exceed the following maximum 
doses: bupivacaine plain 2 mg kg, lignocaine 
plain 5 mg kg™. Prilocaine should be avoided in 
neonates who have reduced concentrations of 
methaemoglobin reductase and are therefore more 
susceptible to the oxidants which arise from the 
metabolism of prilocaine and which lead to 
methaemoglobinaemia [71]. 


PAIN RELIEF IN INFANTS AND CHILDREN 


This section considers administration of analgesic 
drugs and regional analgesia. 


Opioids 
Opioid drugs are still the mainstay of analgesia, 
and morphine remains the standard against which 
the others are compared. At equipotent analgesic 
doses, all the pure agonists (e.g. morphine, 
fentanyl) produce similar degrees of respiratory 
depression, sedation, euphoria, nausea, biliary 
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tract spasm and constipation [102, 140]. Although 
the mixed agonist-antagonist drugs such as penta- 
zocine, nalbuphine, buprenorphine and mepta- 
zinol produce significantly less respiratory de- 
pression [94, 184, 228], they are also significantly 
less potent analgesics and exhibit a ceiling above 
which further analgesia cannot be achieved [246]. 
Experience with these newer drugs is limited in 
paediatric practice; at present, pain relief in 
children involves the use of either a weak oral 
analgesic or a strong opioid [29]. Clearly, in any 
discussion of opioid administration, contra- 
indications such as upper airway obstruction or 
increased intracranial pressure must be borne in 
mind. 


Morphine 


For successful analgesia consistent blood con- 
centrations of morphine are required. Blood 
concentrations depend on the morphine con- 
centration in the brain [55], the degree of receptor 
occupancy, and hence the analgesic effect pro- 
duced [18]. Longer term analgesia is almost 
impossible to achieve using “as required” i.m. 
injection [15, 28] and necessitates frequent admin- 
istration by intermittent i.v. injection. Therefore, 
techniques of continuous infusion have gained 
considerable popularity for pain relief in paedi- 
atric patients following major surgery [16, 28, 
30, 60, 124, 152, 155]. The metabolism of mor- 
phine appears to conform reliably to an adult 
pattern from an age of 5-6 months [112, 164] and 
infusions given to patients younger than this 
should follow the regimens for neonates outlined 
above. 

Administration of morphine infusions varies 
widely; however, simple dilutions and infusion 
rates based upon body weight minimize the risk of 
errors (table I) and have been shown to produce 
consistent equilibrium plasma concentrations [30, 
124]. Close observation throughout the period of 
infusion is essential and allows titration of the 
dose against patient response, but this need not 
restrict its use to an intensive care setting. 

Infusions are not without problems; equipment 
malfunction or errors in rate setting may occur, 
but careful observation of the patient and device 
should lead to early detection. In adults receiving 
large doses of morphine by infusion, periods of 
oxygen desaturation have been reported [47, 48]. 
They occur in rapid eye movement sleep, are 
associated with snoring and are most likely to be 
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caused by upper airway obstruction [48]; how- 
ever, they have been reported following dis- 
continuation of the infusion [105]. The effect on 
Pao, can be minimized by administration of 
supplementary oxygen [106]. However, titration 
of the infusion rate against patient response 
minimizes the risk and most authors have found 
infusion rates of 10-30 ug kg"! h`! provide satis- 
factory analgesia with minimal respiratory de- 
pression whilst allowing consistent analgesic 
plasma concentrations to be reached within 4-8 h 
(28, 30, 124, 152]. If required, a loading dose of 
morphine 100-200 ug kg! may be given at the 
start and bolus top-up doses of 50-100 ug kg! 
every 4h. 

Subcutaneous infusions of morphine 30—60 ug 
kg h7? have been used in children for the relief 
of pain in terminal malignancy [154, 162], but 
have not been applied in postoperative analgesia, 
when the dose needed should be little more than 
the i.v. regimen described above. More concen- 
trated solutions of morphine are required for this 
route and a syringe pump able to take small (2- 
10 ml) syringes may be required. For short term 
(single-shot) analgesia, i.m. morphine 100—200 pg 
kg~! or papaveretum 200—400 ug kg™' are excel- 
lent. 


Fentanyl 

This potent opioid is used widely in children 
during anaesthesia and given by infusion of 4 
8 ug kg! h“! in an intensive care setting, where its 
ability to block pulmonary haemodynamic re- 
sponses has been useful in children susceptible to 
pulmonary hypertension [92]. Its potency and 
lack of sedative or hypnotic properties have not 
made it popular for conventional postoperative 
analgesia in the U.K.; in North America, how- 
ever, itis a favoured analgesic for short procedures 
such as bone marrow aspiration, endoscopy and 
suturing [249]. For cardiac surgery, its cardio- 
vascular stability has encouraged use in high 
doses (50-100 ug kg“), which have long lasting 
analgesic and respiratory depressant effects be- 
cause plasma concentrations remain high during 
distribution phases [46]. In patients receiving 
opioid premedication and who are expected to 
breathe spontaneously after operations of mod- 
erate duration it is the author’s practice to limit 
the dose to 3—5 pg kg™!. Singleton and co-workers 
[209] have suggested that the clearance of fentanyl 
is greater in infants (> 3 months) and children 
than in adults, resulting in lower plasma concen- 


trations following a dose based upon weight. 
They used high doses (20 ug kg-t, without opioid 
premedication) for procedures lasting 60-90 min 
in the younger child and reported reasonable 
analgesia with no respiratory depression. How- 
ever, this is a substantial dose of fentanyl and 
close postoperative monitoring is necessary. 


Pethidine 


This drug probably has few advantages over 
morphine in equipotent doses (1-2 mg kg“). In 
equianalgesic doses pethidine may produce a 
smaller increase in biliary tract pressure than 
morphine [96] and this may be useful, for 
example, in children with sickle cell disease who 
are susceptible to cholelithiasis. These findings 
have been disputed by other workers [175]. 


Codeine 


Codeine is a useful drug for the treatment of 
mild to moderate pain in children. For example, it 
is widely used i.m. (1 mg kg?!) during ENT 
operations if a non-opioid premedication has been 
given [84] or in the postoperative period to 
supplement residual analgesia from a local an- 
aesthetic block. In combination with paracetamol 
it can be given orally. I.v. administration should 
be avoided, as it results in apnoea and severe 
hypotension [201]. 


Partial agonist ofnoids 

Sublingual [141], i.v. [142] and i.m. [86, 147] 
administration of buprenorphine have been stud- 
ied in children. It has been shown to be a safe 
and effective analgesic when given parenterally 
(3—6 ug kg“? every 6-8 hb), with a longer duration 
of action than morphine. More recently, sub- 
lingual administration (5-7 ug kg) was shown to 
be effective following orthopaedic surgery in 
children aged 4-14 yr [141]. The tablet formul- 
ation (200 pg) makes the sublingual route imprac- 
tical for children less than 15 kg body weight. 
Furthermore it is unlikely that the younger patient 
would co-operate sufficiently to make sublingual 
administration successful. The importance of 
close observation to detect delayed respiratory 
depression, especially with parenteral use, has 
been stressed [141,142] and, compared with 
morphine, there appears to be a slightly higher 
frequency of nausea and vomiting with bupren- 
orphine. 

Meptazinol 1 mg kg™> i.m. was shown to be as 
effective as pethidine for post-tonsillectomy pain 
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relief [181], but it has not been investigated 
further and the drug is not licensed currently for 
paediatric use. Nalbuphine 0.15—0.3 mg kg7!, how- 
ever, has been investigated for postoperative 
analgesia after orchidopexy [234], circumcision 
[22], tonsillectomy [114] and herniotomy [195]. 
All investigators reported satisfactory analgesia, 
as effective as morphine and with a similar 
frequency of nausea and vomiting. 


Panent-controlled analgesia 

The perception of pain after surgery is not 
constant [219]. Allowing a patient control over 
analgesic administration helps to compensate for 
large inter-individual variations in the response to 
opioids. Patient-controlled analgesia (PCA) 
devices giving either bolus doses [68] or “‘top- 
up” boluses on a background infusion [97] have 
been developed to meet this need. They were 
tried initially with adults [17, 68, 200], but two 
groups have published their experience of PCA in 
older children and adolescents (11-18 yr) [36, 
183]. The microprocessor-controlled infusion 
pump delivers a loading dose followed by boluses 
of drug as required. Bolus administration is 
subject to intervals (lockout interval) during 
which a further dose is not given, and to a limit of 
total dose which may be given in any 4-h period. 
Using morphine, Rodgers and co-workers [183] 
reported that optimal pain control could be 
achieved with small doses given at short lockout 
intervals (loading dose 50-100 ug kg; bolus 
doses 25-50 ug kg™!; lockout interval 10-15 min; 
4-h maximum dose 150-300 ug kg“). PCA was 
highly acceptable to the children and they fol- 
lowed the pattern seen in adult practice; namely 
that PCA patients, when compared with patients 
receiving opioids i.m., give themselves a greater 
total daily dose per kilogram of body weight 
for the first 24 h after operation and then less after 
48-72 h [183]. 


Non-sterotdal anti-inflammatory drugs 
Non-steroidal anti-inflammatory drugs have 
analgesic and anti-inflammatory properties, both 
of which may be useful in the management of 
postoperative pain. For minor surgery they may 
provide sufficient analgesia or they may be used 
synergistically with opioid drugs, thereby re- 
ducing the dose of the latter. Diclofenac sup- 
positories significantly diminished the pain associ- 
ated with swallowing in adolescents after ton- 
sillectomy, although the study did not dem- 
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onstrate a reduced requirement for opioids in the 
patients receiving diclofenac [62]. Ibuprofen has 
been shown to be more effective than either 
paracetamol or paracetamol and codeine for the 
relief of pain following dental extraction [156]. 
More recently, i.v. indomethacin (0.35-mg kg™ 
bolus followed by an infusion of 0.07 mg kg™ h~? 
with conversion to oral intake 3 mg kg™! day’ as 
soon as possible) was shown to diminish the 
morphine requirements of children after tonsil- 
lectomy, although an improvement in the quality 
of analgesia could not be detected with con- 
ventional pain scoring [145]. The frequency of 
side-effects has been reported to be less in children 
than in adults [144]. 


TECHNIQUES OF LOCAL ANAESTHESIA 


Local anaesthesia for paediatric surgery, especi- 
ally spinal anaesthesia, was popular in the first 
half of this century [70, 227]. The introduction of 
neuromuscular blocking drugs and halothane 
resulted in a preference for general anaesthesia 
and a decline in the use of local techniques. 
However, there is now an increasing interest in 
their use. 

Day-care surgery is suited ideally to children 
having minor and intermediate operations. The 
stay in an unfamiliar environment is minimized 
[230], parental contact can be maintained [57] and 
it is cost-effective for the institution [76]. Post- 
operative pain, which delays recovery and am- 
bulation, results in an increased morbidity [8] and 
must be treated adequately. I.m. opioids, how- 
ever, either as premedication or for postoperative 
analgesia, are not useful in day-care work. The 
high incidence of nausea, vomiting and sedation 
associated with their use results in many children 
having to remain in hospital, thus defeating the 
object of day-stay planning. Furthermore, ad- 
equate analgesia may be hard to achieve [137, 
207]. For this group of patients, techniques of 
single-shot local analgesia are especially useful. 

The techniques of regional analgesia can be 
used both during operation, either as the sole 
anaesthetic or with general anaesthesia, and after 
operation, to provide excellent pain relief fol- 
lowing major surgery. Moreover, regional blocks 
can be used to relieve acute pain, for example a 
femoral nerve block for fractured shaft of femur 
[185]. 

Prior discussion with the surgeon and adequate 
explanation to both parents and child is essential, 
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even if the local technique is going to be combined 
with general anaesthesia. Children may be dis- 
tressed by the lack of sensation and motor block if 
they are not forewarned. Moreover, clear ex- 
planation to theatre and ward staff is essential, 
allowing modification of their care plan to ac- 
commodate the physiological changes induced by 
the block. The contraindications and preparation 
of patients for local blocks are well known; for 
further information on these points the reader is 
referred to Arthur and McNicol [13], Broadman 
[31], and Yaster and Maxwell [250]. 


Pharmacokinetics of local anaesthetics in children 


After 6 months of age, children show somewhat 
faster absorption and elimination of local an- 
aesthetic drugs than adults [65, 69, 188, 217], 
although others have found no differences in 
disposition kinetics standardized for body weight 
[75]. The increased cardiac output of children 
probably accounts for the faster absorption; for 
example, after caudal injection peak plasma 
concentrations are seen at 15 min in children 
compared with 30 min in adults [65, 66]. Despite 
more rapid absorption, plasma concentrations less 
or slightly greater than toxic values have been 
reported following the administration of high 
doses of local anaesthetic [65, 69, 188, 217]. More 
rapid elimination may be a result of the increased 
size of a child’s liver relative to body weight [191] 
and an increase in the number of metabolic sites 
for drug breakdown [25], whilst a larger volume of 
distribution may also contribute to the low plasma 
concentrations [25]. Indeed, the prolonged elim- 
ination half-life reported in children [65, 148] is 
related probably to the increased volume of 
distribution. There is also a marked increase in 
plasma alpha,-acid glycoprotein after surgery 
[179] which increases plasma drug binding, thus 
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allowing free drug concentrations to remain 
within acceptable limits. The net result is that 
older, healthy children appear to be very tolerant 
of high doses of local anaesthetic. Peak blood 
concentrations of local anaesthetic, however, are 
related directly to the total dose of drug admin- 
istered, regardless of the injection site or the 
volume of solution used. At the doses shown in 
table II, plasma concentrations remain below 
recognized toxic concentrations, but this does not 
apply to neonates or infants younger than 6 
months of age, in whom caution should be 
exercised (see above). 


CENTRAL BLOCKS 


Extradural Anaesthesia 


Single-shot extradural analgesia via the caudal 
route has been used widely in children [33]. 
However, in adults continuous extradural block or 
extradural opioid analgesia [190] via the lumbar 
or thoracic routes have been shown to be more 
effective than parenteral opioids in providing pain 
relief and preventing postoperative pulmonary 
complications.. These techniques (in addition to 
single-shot analgesia) are now being used with 
success in paediatric patients, even in neonates 
[14, 35, 56, 80, 149, 159, 161, 189, 203]. 
Anatomical differences between younger chil- 
dren and adults have important practical con- 
siderations. The shape of the sacrum and the 
position of the spinal cord are shown in figure 2. 
In infants the lower position of the spinal cord 
makes access to the extradural space, and lumbar 
puncture, safer in more caudal interspaces (L4—-L5 
and L5—S1). During early childhood the extra- 
dural fat is loosely packed, gelatinous and has 
distinct spaces [26, 197, 225]; this contrasts with 
the tightly packed fat divided by fibrous strands 


TABLE I]. Maximum recommended doses (mg kg™') of local anaesthetics for mfants older than 6 months of 
age. Always use the minimum dose consistent with adequate analgesia or anaesthena. NA = not 


applicable 
Extradural Infiltration I.v. 
block block regional 
Bupivacaine 
Plain 3 3 NA 
With adrenaline 1.200000 4 4 NA 
Lignocaine 
Plain 6 6 3-5 
With adrenaline 1:200000 9 9 NA 
Prilocaine NA 6 4-5 
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Fig. 2. The sacrum of the neonate 1s flatter and more narrow than that of the adult. The meninges end 
at S1~2, whilst the end of the spinal cord is at L3 at birth but rises to the adult position of L1-2 by the 
age of 1 yr [250]. 


seen in adults. This structural difference results in 
a low resistance to longitudinal spread of an- 
aesthetic agents and may therefore account for the 
extensive blocks seen in children [197]. A detailed 
description of the techniques involved in the 
performance of these blocks is outside the scope of 
this review and the reader is referred to Arthur 
and McNicol [13], Broadman [31] and Yaster and 
Maxwell [250]. 

Children younger than 6 yr show marked car- 
diovascular stability, even during high (T3-T5) 
local anaesthetic extradural or intrathecal blocks 
[1, 11, 19, 32, 61, 197]. Over this age, the car- 
diovascular response resembles that of adults and 
may require vasopressors or fluid loading to 
counteract significant hypotension. 

Although effective postoperative analgesia can 
be provided by intermittent injection or infusion 
of local anaesthetics into the extradural space [58, 
159], the technique has disadvantages, including 
cardiovascular instability, motor block, tachy- 
phylaxis and systemic toxicity. Moreover, there 
are no specific antagonists available which reverse 
all unwanted side-effects. The development of a 
specific binding assay led to the detection of 
opioid receptors in nervous tissue [170] and this 
observation suggested to clinicians that spinal 
administration of opioids may have advantages 
over conventional parenteral routes. Experience 
of spinal opioids in children is just developing [14, 
56, 80, 104, 107, 113, 203] but, although the high 
quality of analgesia obtained is long-lasting, there 
are also unwanted effects, including pruritus, 
urinary retention, nausea, vomiting, early or 
delayed respiratory depression and possible tachy- 


phylaxis. Naloxone is a specific antagonist to 
many of these side-effects. Controlled trials of 
continuous extradural narcotics in children are 
required to demonstrate that the quality of pain 
relief achieved is better than parenteral infusions 
of opioids, justifying the increased complexity of 
the extradural technique. 


Caudal extradural 


This is the most popular central block in 
paediatric practice, being used with general 
anaesthesia for analgesia during and after op- 
eration in patients having procedures involving 
both lower limbs, ano-perineal, genitourinary and 
abdominal surgery below the umbilicus [33]. As 
reported in numerous studies, it is easy to perform 
in children, is safe, gives reliable results, is 
acceptable to patients, improves ventilatory effici- 
ency and is applicable to children of all ages 
[27,33,38,41,89,104,110,113,122,123,128,137, 
148, 211, 236], including neonates [12, 223]. 

Several formulae have been described to enable 
calculation of local anaesthetic dose for a desired 
height of block [83, 193, 198, 212,218]. The 
simple scheme outlined by Armitage [9] (table III) 
is easy to use and appears to be satisfactory in 
clinical practice, although it has been suggested 
that volumes calculated on weight, whilst reliable 
in infants [38, 236], are not reliable in older 
children, in whom age may be a better guide [38]. 
When used with general anaesthesia, 0.25% 
bupivacaine provides prolonged analgesia, yet 
avoids unnecessary motor block. Increased con- 
centrations provide no further benefit in quality 
or duration of analgesia [33]. ‘The addition of 
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TABLE III. Volume of local anaesthetic required for a given 
height of block with caudal extradural admmistraton [9]. If 
volume of local anaesthetic exceeds 20 ml, dilute to 0.19 % 








Dose of 0.25% 
bupivacaine 
Level of block (ml/kg body weight) 
Low lumbar and sacral 0.5 
Lower thoracic 1,0 
Mid-thoracic 125 


adrenaline 1:200000 has been shown to increase 
the duration of the block [236]; however, the 
effect on the pharmacokinetics of the long acting 
agents (peak plasma concentration and time to 
peak) appears to be small [204]. 

Caudal extradural blocks may also be used 
successfully as a sole anaesthetic in high risk 
infants [211] although, for lower abdominal 
surgery, high doses of bupivacaine are required 
and spinal anaesthesia may be a better choice. The 
low resistance to local anaesthetic spread in 
children enables the caudal route to be used for 
high (T1-3) blocks to permit upper abdominal 
surgery, but at the expense of needing large and 
potentially toxic volumes of local anaesthetic 
[128]. Most complications in McGowan’s study 
were in children having high blocks. This tech- 
nique cannot be recommended for routine prac- 
tice, but overall there were good results in the 
critically ill African children in whom it was 
described. 

To overcome the problem of toxic doses yet be 
able to provide high blocks for upper abdominal 
surgery, Bosenberg and colleagues [26] have 
described the passage of an 18-gauge extradural 
catheter via the sacral hiatus to T7-8 vertebrae. 
They achieved successful blocks with 0.5% 
bupivacaine 0.5 ml kg}. Although they suggested 
that a catheter inserted in this manner could be 
used for continuous analgesia, the risk of infection 
is unacceptably high [10]. In early post-natal life 
the sacrum consists of five distinct vertebrae, 
making the anatomical structure of the sacrum 
very similar to the lumbar spine. Busoni and Sarti 
[39] took advantage of this immature structure 
and recommended extradural catheterization 
using the S2-3 interspace. They reported 
successful blocks in 74 children aged 2 months— 
13 yr. The advantages of the sacral intervertebral 
approach at this level are a reduced risk of 
puncturing the dura, and of damage to either 
the spinal cord or spinal arteries. Furthermore, 


catheters inserted at the S2-3 space are easier to 
keep clean, thus reducing the risk of infection. 

Caudal extradural blocks with 0.25% bupi- 
vacaine provide between 4 and 8h of good 
analgesia. Using extradural morphine 100 ug kg}, 
Jensen [104] found that the duration of pain relief 
was significantly longer (10-36 h). These findings 
were confirmed by Krane and colleagues [113] 
(median time to supplementary analgesia: caudal 
morphine 12 h; caudal bupivacaine 5 h). Urinary 
retention, pruritis and nausea were common side 
effects. This technique cannot be recommended 
for day-case surgery, but for more extensive 
operations (e.g. hypospadias repair) it appears to 
offer long lasting, good quality analgesia in many 
patients. 

Complications of caudal extradural block are 
those of any extradural technique [13}; in addition 
there is the risk of intraosseous and intrapelvic 
injection. For reasons that are unclear, nausea and 
vomiting are common following caudal block 
[123, 147, 251]. 


Lumbar and thoracic extradural block 


Lumbar extradural block has been used ex- 
tensively in paediatric practice [189], whilst a 
thoracic approach has been described by Arthur 
[11]. Until recently, an 18-gauge Tuohy needle 
was the smallest available which would accept a 
catheter, making extradural access for continuous 
analgesia difficult in the small child, especially in 
the thoracic interspaces. Murat and colleagues 
[159] described a 20-gauge needle, taking a 24- 
gauge catheter, which they used for continuous 
lumbar extradural blocks in neonates of 2 kg. 
Now Portex (U.K.) have produced a 19-gauge 
Tuohy needle which accepts a 23-gauge catheter 
(fig. 3). In the author’s experience this has been 
very satisfactory for children less than 10 kg. 

Murat and colleagues [159] used intermittent 
injections of 0.25% bupivacaine via a thoracic or 
lumbar extradural catheter (initial dose 0.75 ml 
kg) if <20 kg and 1 ml/10 cm of height if taller 
than 100 cm ; top-up dose 50 % of initial dose) for 
continuous analgesia during and after orthopaedic 
and abdominal surgery. They found excellent 
analgesia, no motor block, no tachyphylaxis and 
cardiovascular stability in children younger than 
8 yr, but significant decreases in both heart rate 
and systolic arterial pressure in children older 
than 8 yr, with the maximum reduction at 25 min 
following extradural injection. They noted that 
the addition of adrenaline 1:200000 significantly 
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FIG. 3. Portex 19-gauge extradural needle with 23-gauge catheter, loss of resistance device and flat filter. 


prolonged the duration of analgesia (time to first 
top-up 92 min with adrenaline, 71 min without), 
especially in patients younger than 2 yr, thereby 
reducing the risks of cumulation with repeat 
doses. Infusions of local anaesthetic can avoid the 
peaks and troughs associated with intermittent 
injection. Meignier and colleagues [149] were the 
first to report continuous postoperative analgesia 
by lumbar extradural block in children following 
upper abdominal surgery. They used an infusion 
of 0.25% bupivacaine in a dose of 4 mg kg“ day? 
which gave good analgesia without cardiovascular 
instability, increasing block or urinary retention. 
More recently, Desparmet and colleagues [58] 
reported successful lumbar extradural analgesia 
with an infusion of 0.25% bupivacaine 0.08 ml 
kg! h-t. For postoperative analgesia, it is un- 
necessary to use greater concentrations of local 
anaesthetic which are associated with unwanted 
effects; in children, low concentrations of local 
anaesthetic (with less neural block than occurs in 
adults) are adequate to block the cortisol stress 
response to surgery [161]. 

Extradural administration of morphine via the 
lumbar route for postoperative analgesia was 
described in 1984 by two groups [80, 203]. A dose 
of 50 ug kg™ made up to a volume of 2-5 ml and 
given via thoracic or lumbar extradural catheters 
has been utilized widely [14, 56]. It appears that 
increasing the dose to more than 100 pg kg? does 
not improve either the quality or the duration of 
analgesia, but does result in an increased fre- 
quency of side-effects [80]. Pruritus, urinary 
retention, nausea and vomiting are common, each 
side effect occurring in up to 30-40 % of patients. 


There are no reports of frank respiratory de- 
pression, but the ventilatory response to carbon 
dioxide was depressed by extradural morphine for 
at least 22h [14]. This was probably caused by 
rostral spread of morphine in cerebrospinal fluid 
because, 1 h after injection, the plasma morphine 
concentration was consistently less than 12 pg 
ml-t, which is less than that considered necessary 
for systemic analgesia in children [14]. 


Intrathecal blocks 


Interest in spinal anaesthesia was re-kindled by 
Abajian and colleagues [1], who suggested it may 
be the technique of choice for surgery in high risk 
infants. This report was followed by others 
examining different drugs [23, 77, 87, 180] and 
preparations of different baricity [134]. Younger 
patients need larger doses of local anaesthetic 
calculated by body weight to achieve a satisfactory 
block, and it has been suggested that this is caused 
partly by the larger volume of CSF present in 
infants of less than 15 kg [82]. For infants 
Gallagher and Crean [77] suggested hyperbaric 
0.5% bupivacaine 0.3 mg kg} calculated from the 
formula 0.06 ml kg~!+0.1 ml and found that this 
produced 75 min of surgical anaesthesia after 
which motor activity returns. It is the author’s 
experience that a significant advantage of spinal 
anaesthesia for high risk infants is that analgesia 
persists for several hours after the return of motor 
function, thus minimizing the requirement for 
other analgesic drugs. 

Intrathecal morphine has not been investigated 
widely in children. Jones and colleagues [107] 
found that respiratory depression occurred in 
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25% of patients receiving 30 ug kg™! and in 10% 
of patients receiving 20 ug kg™!, but the duration 
and quality of analgesia were good. Further 
investigation is required before this technique can 
be recommended. 


PERIPHERAL NERVE BLOCKS 


Longer acting local anaesthetic agents allow 
peripheral nerve blocks to provide good intra- and 
postoperative analgesia for children. Techniques 
which require the operator to elicit paraesthesia 
do not succeed in children, as they do not co- 
operate, and the majority of these blocks are 
performed whilst the child is anaesthetized. More 
accurate location of peripheral nerves can be 
achieved, even under general anaesthesia, by using 
a nerve stimulator [250]. 

Blocks of the sciatic nerve [132], femoral, lateral 
cutaneous nerve of the thigh [133] or the inguinal 
paravascular (“three-in-one”’) technique [244] 
can be used for operations on the lower limb. The 
latter technique (local anaesthetic dose 0.5 ml 
kg [32]) can be used in children undergoing 
diagnostic muscle biopsy in whom general anaes- 
thesia may be best avoided (e.g. susceptibility to 
malignant hyperthermia) [186]. More peripheral 
nerve blocks, such as the ankle block or meta- 
tarsal blocks, have also been used successfully in 
children. 

Brachial plexus block for analgesia of the upper 
limb is performed most successfully and safely via 
the axillary approach. The supraclavicular ap- 
proach is unsatisfactory in children because~it 
requires paraesthesia, is more likely to result in a 
pneumothorax because of the cartilaginous nature 
of the first rib and is likely to result in accidental 
block of the phrenic or recurrent laryngeal nerves 
[13]. There may be a serious decline in respiratory 
function as a result of any of the last three 
complications. The axillary approach in children 
is associated with better spread of local anaesthetic 
agents and therefore higher blocks, especially if 
the sheath is occluded distal to the site of injection 
and the arm is adducted to less than 45° following 
injection [243]. Furthermore, the sheath can be 
cannulated, using a 22- or 20-gauge i.v. cannula, 
allowing repeat injections. Arthur and McNicol 
[13] have recommended a dose of 0.5 ml kg of 
local anaesthetic which the author has also found 
to be satisfactory. More peripheral blocks, such as 
those of the median, radial and ulnar nerves may 
be performed at the wrist whilst digital nerves 
may be blocked using a metacarpal approach. 


kg} 


After surgery or following trauma, intercostal 
nerve blocks may provide analgesia in both chest 
wall (upper six nerves) and abdomen (lower six 
nerves). A volume of 1-2 ml is required for each 
interspace, and midline abdominal incisions re- 
quire bilateral blocks. The potential complications 
of intercostal blocks are well known but in the 
hope of reducing the risk of pneumothorax, 
Shelley and Park [205] have described a modi- 
fication of the conventional perpendicular ap- 
proach in the intercostal space by keeping the 
advancing needle almost parallel with the rib in 
the mid-axillary line. Extensive bilateral blocks 
may involve large doses of local anaesthetic. 
Rothstein and colleagues [188] used up to 4 mg 
of 0.5% bupivacaine and adrenaline 
1:200000; whilst plasma concentrations of bupi- 
vacaine were high after this dose, no evidence of 
toxicity was reported. 

Continuous intrapleural infusion of bupi- 
vacaine 1.25-2.5mgkg bh™ via an indwelling 
catheter placed under direct vision at the end of a 
thoracotomy has provided effective analgesia in 
children undergoing anterior spinal fusion or 
repair of coarctation [131]. Posterior placement of 
the catheter, fixation to prevent catheter migration 
and patient positioning are all critical to the 
success of this technique. Despite the use of 
adrenaline 1:200000, plasma concentrations of 
local anaesthetic were often in the toxic range after 
16 h of infusion and, although no clinical evidence 
of toxicity was seen, the maximum infusion rate 
(2.5 mg kg th!) should not be exceeded [131]. 
Further evaluation of this technique is required. 

Ilioinguinal and iliohypogastric nerve blocks 
are successful for the relief of pain following 
herniotomy or orchidopexy [202] and are as 
effective as caudal extradural blocks [85]. Block of 
the dorsal nerve of the penis is advocated widely 
for analgesia following circumcision; in particular 
many authors have found the quality of analgesia 
as good as that afforded by caudal extradural 
block, whilst avoiding the potential hazards and 
side effects associated with the extradural tech- 
nique [43, 81, 210, 231, 240, 251]. However, even 
simpler techniques may be as effective. Tre- 
Trakarn and Pirayavarporn [224] reported suc- 
cessful analgesia with topical lignocaine applied to 
the penis after circumcision. Furthermore, Sin- 
clair and co-workers [208] found lignocaine 
aerosol sprayed in the wound provided significant 
analgesia, reducing the requirement for opioids 
following inguinal hernia repair in adult patients, 


98 


although this method has yet to be evaluated in 
children. 


Wound infiltration 


The technique of wound infiltration with 
bupivacaine is frequently forgotten; if performed 
at the end of surgery it is a simple yet very 
successful way of providing analgesia. For 
example, after pyloromyotomy the only analgesic 
required by a large majority of infants is infil- 
tration with 0.25% bupivacaine 0.25—0.5 ml kg=!. 


ALTERNATIVE ROUTES AND TECHNIQUES FOR 
ANALGESIA 


New methods of drug delivery are under de- 
velopment, including transdermal and trans- 
mucosal controlled release, nasal and buccal 
aerosol sprays and drug-impregnated lollipops. 
Transmucosal fentanyl [118, 163, 215] and nasal 
sufentanil [90] have been investigated as pre- 
medicants for children, whilst transdermal fen- 
tanyl has been assessed as a postoperative an- 
algesic in adult patients [42, 93]. These techniques 
are in an early stage of development, but may have 
useful applications for paediatric analgesia. 

Transcutaneous electrical nerve stimulation has 
been used to supplement and thus reduce the 
requirement for opioid analgesia. There have 
been conflicting reports of the efficacy of this 
technique [44, 98] and further investigation may 
be merited. 
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CEREBROSPINAL FLUID CONCENTRATIONS OF 
LAUDANOSINE AFTER ADMINISTRATION OF 


ATRACURIUM 


M. R. FAHEY, P. CLAVER CANFELL, T. TABOADA, Y. HOSOBUCHI 


AND R. D. MILLER 


SUMMARY 


The concentration of laudanosine in cerebro- 
spinal fluid (CSF) was measured in four patients 
undergoing brain electrode placement after the 
administration of atracurium. CSF: plasma laud- 
anosine concentration ratios ranged from < 1 to 
14%, with a range of CSF laudanosine con- 
centrations of < 2-14 ng mt". One patient had 
no detectable laudanosine in CSF, but sampling 
in this patient was possible for only 30 min. 
There was no atracurium detectable in the CSF 
of any patient. We conclude that laudanosine 
crosses the blood-brain barrier and further study 
of its central nervous system effects in man Is 
warranted. 


KEY WORDS 


Neuromuscular relaxants: atracurium Cerebrospinal fluid: 
laudanosine. Pharmacokinetics. laudanosine. 


Laudanosine, a metabolite of atracurium, can 
produce central nervous system (CNS) stimu- 
lation in animals, ranging from increases in 
anaesthetic requirement in rabbits [1] to seizure 
activity in dogs [2]. Measurements of the ability of 
laudanosine to penetrate the blood—brain barrier 
in dogs which developed seizures have shown 
CSF:plasma laudanosine concentration ratios 
of 40-60% [2]. In order to determine the 
relevance to humans, we determined the ratios in 
patients given atracurium. 


METHODS AND RESULTS 


Four patients gave their informed consent to a 
procedure approved by the University of Cali- 
fornia Committee on Human Research. All 


patients had chronic pain syndromes that had 
been relieved after placement of deep brain 
electrodes and an Ommaya reservoir which com- 
municated with the cerebral ventricular system. 
The patients were to undergo surgical implan- 
tation of a stimulator. Premedication consisted of 
diazepam 10mg orally and morphine sulphate 
10 mgi.m. Anaesthesia was induced with thiopen- 
tone 1—2 mg kg"! and halothane and nitrous oxide 
in oxygen via a mask. Tracheal intubation was 
performed without the use of neuromuscular 
blockers. Ventilation was controlled to maintain 
arterial carbon dioxide tension between 3.7 and 
4.3 kPa and temperature was Kept at 35-37.0 °C 
by surface warming. Anaesthesia was maintained 
with 0.6% end-tidal halothane and 60% nitrous 
oxide in oxygen, as measured continuously by 
mass spectrometry. 

Following tracheal intubation, atracurium was 
administered as an i.v. bolus of 0.5 mg kg. 
Simultaneous blood and CSF samples were 
obtained before and 15, 30, 45 and 60 min after 
administration of atracurium. Samples were 
heparinized immediately, acidified and separated. 
Plasma and CSF samples were stored at —30 °C 
until analysis. 

Atracurium and laudanosine were assayed as 
described previously [2]. 

The results showed that CSF: plasma laudano- 
sine concentration ratios ranged from <1 to 
14%, with a range of CSF laudanosine concen- 
trations of < 2-14 ng mi™> (table I). In patients 
Nos 1 and 3, sampling of blood and CSF could 
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TABLE I. Concentrations of laudanostne (ng mi“) in CSF and 
plasma in man after 1.0. admimstration of atracurium 





Patient 
No. 15min 30min 45min 60min 
1 CSF <2 <2 — — 
Plasma 208 167 — — 
2 CSF 5 8 11 13 
Plasma 123 131 120 92 
3 CSF <2 5 7 — 
Plasma 132 165 131 — 
4 CSF 4 6 8 10 
Plasma 294 207 137 125 


not be completed because of short operative times. 
In patient No. 1, no CSF laudanosine could be 
measured. No CSF samples contained atra- 
curium. 

COMMENT 


This study confirms that laudanosine can pen- 
etrate the blood-brain barrier in man after i.v. 
administration of atracurium. It is not complete 
penetrance (CSF:plasma ratios of 14% or less), 
but it is greater than that observed with more 
water-soluble drugs. For example, Shapiro, 
Young and Mehta [3] measured CSF:plasma 
concentration ratios of methotrexate not ex- 
ceeding 0.06% after a 50-mg i.v. bolus. The 
greater penetrance of laudanosine is probably a 
result of its greater lipid solubility. 

The results of our study agree with those of 
Harris and his colleagues [4] who measured CSF 
laudanosine concentrations in children aged 
7 months to 15 yr receiving atracurium for revision 
of ventricular—peritoneal shunt. At 15, 30 and 
60 min after atracurium 0.5 mg kg™ i.v., they 
found CSF laudanosine concentrations (sp) of 2.7 
(6.5), 5.0 (8.2) and 5.0 (11.2) ng ml“, respectively. 
In our study, the corresponding laudanosine 
concentrations (SD) were 5 (1), 6 (2) and 12 (2) 
ng ml~*. Harris and colleagues could not 
accurately determine CSF:plasma laudanosine 
ratios because of errors in processing the blood 
samples for analysis of laudanosine. Thus 
laudanosine shows a similar degree of blood-brain 
barrier penetration in adults and children. 

It is possible that the laudanosine found in the 
CNS may have originated from breakdown of 
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atracurium in CSF. Matteo and colleagues [5] 
were able to detect tubocurarine in lumbar CSF 
after i.v. administration, but the patients had 
altered CNS physiology. In our study and that of 
Harris and colleagues [4], no atracurium could be 
detected in CSF samples. Other studies have 
shown no penetrance into the CNS of vecuronium 
and pancuronium [6]. It would appear unlikely, 
therefore, that atracurium penetrates the CNS 
and contributes to the presence of laudanosine. 

Our results suggest that laudanosine has less 
ability to penetrate the blood—brain barrier of man 
compared with dogs {2}. This difference may be a 
result of the large dose of laudanosine (1.0 mg 
kg!) given to these animals. It would appear 
unlikely that the laudanosine produced from 
routine operative use of atracurium results in a 
sufficiently high concentration to produce CNS 
effects. However, because of its greater penetrance 
of the blood-brain barrier than water-soluble 
drugs, it cannot be assumed that the same is true 
if atracurium is given by repeated bolus or 
prolonged infusion. 
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SERUM CONCENTRATIONS OF PRILOCAINE FOLLOWING 


RETROBULBAR BLOCK 


M. GOGGIN, K. CROWLEY, K. O'MALLEY, P. BARRY, G. KELLY AND 


J. BLAKE 





SUMMARY 


Retrobulbar block for eye surgery is associated 
with adverse reactions. We performed retrobulbar 
block in 10 patients using prilocaine (Citanest) 
and found mean (SD) peak serum concentrations 
of 851 (165.6) ng mi! (range 540-1100 mg 
mf"). Peak serum concentrations occurred 3- 
7 min after the end of administration of the block, 
and in all cases were less than those associated 
with toxicity. 


KEY WORDS 


Anaesthetic techniques retrobulbar block Anaesthetics 
local. prilocaine. 


Local anaesthesia using retrobulbar block for eye 
surgery carries the risk of systemic complications, 
particularly respiratory arrest [1]. Possible mech- 
anisms include direct intrathecal injection [2], 
intravascular injection and systemic absorption 
[1]. Prilocaine is a local anaesthetic related closely 
to lignocaine, but with less systemic toxicity [3]. 
This study measured serum concentrations of 
prilocaine after retrobulbar and facial nerve block 
for eye surgery. 


METHODS AND RESULTS 


Ten (six male) patients were studied undergoing 
ophthalmic procedures under retrobulbar block. 
Eight had cataract surgery and two had removal 
of pterygia. Mean weight was 69.2 kg (range 43— 
87.5 kg) and mean age was 72.5 yr (range 63-81 yr). 
Seven patients were ASA class II and three class 
TIT. All had normal orbital anatomy, were psycho- 
logically suitable for local anaesthesia, and had 
adequate pulmonary and cardiovascular function 
to tolerate 90 min in the supine position. Diaze- 
pam 10 mg was given orally 2 h before operation. 
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All patients received preoperative mydriatics (1% 
cyclopentolate and 1 % atropine). 


Administration of block 


Prilocaine hydrochloride, 8.5 ml of a 1% sol- 
ution, was drawn up in a plastic syringe. All 
blocks were administered by the same clinician. 
For the facial nerve block, 3.ml of anaesthetic 
solution was injected via a 25-gauge needle over 
the condyle of the mandible, directly below the 
posterior portion of the zygoma. 

For the retrobulbar block, the patient was asked 
to look straight ahead or at the needle and a 25- 
gauge 40-mm “‘retrobulbar”’ needle was inserted 
at the margin of the orbit at the junction of its 
lateral one-third and medial two-thirds, directed 
upwards, posteriorly and medially to puncture the 
intermuscular septum and enter the muscular 
cone. Prilocaine solution 3.5 ml was injected [4]. 
A superior rectus block was performed using the 
same needle, inserted through the upper lid above 
the centre of the eye, to a depth of 1.5 cm, and 
injecting 2 ml of anaesthetic solution. Admin- 
istration of the blocks required 2—6 min. 

A venous cannula inserted in a large arm vein 
(not used for administration of drugs) was used 
for repeated blood samples which were taken 
before and after completion of the block. Initially, 
sampling was begun 1 min after completion of the 
block but, after analysis of the data from six 
subjects, timing of sampling for subsequent 
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Fic. 1. Mean (sp) serum concentrations of prilocaine against ume. C = Control sample taken before 
administration of the block. 0 = completion of administration of the retrobulbar block. 


studies was altered. Five millilitre of whole blood 
was taken and stored in plain tubes at 4°C until 
analysed. 

Patients were observed for cardiac arrhythmias 
with an electrocardiograph and for agitation and 
drowsiness. Surgery was completed in all cases 
without further anaesthetic intervention. Only 
one patient (No. 6) was given additional i.v. 
midazolam because of poor co-operation despite 
an adequate block. 

Serum concentrations of prilocaine were meas- 
ured using gas-liquid chromatography with a 
nitrogen phosphorus detector [5]. The samples 
were reconstituted in methanol before analysis 
and the internal standard was etidocaine. The 
coefficient of variation was 2.95%. In the first six 
patients blood sampling was begun after com- 
pletion of the block. Analysis of data from these 
patients indicated that serum concentrations were 
increasing before completion of the block. Ac- 
cordingly, in the remaining four patients, samples 
were taken every | min from the start of admin- 
istration of the block. 

Peak serum concentrations of prilocaine 851 
(sD 165.6) ng ml“! (range 540-1100 ng ml“) oc- 
curred 3~7 min (median 4—5 min) after the end of 
administration of the block (fig. 1). Because of 
continuing absorption overlapping with clearance, 
it was impossible to determine T} and T}. 
Effective serum half-lives were estimated. Prilo- 
caine concentrations declined to 50 % of the initial 


peak concentration over 20 min and to 25 % over 
100 min (fig. 1). 

In one patient akinesia was of poor quality and 
interfered seriously with surgery. Interestingly, 
this patient had the greatest serum concentrations, 
suggesting that the drug was deposited imper- 
fectly or cleared rapidly from the injection site. 


COMMENT 


Recent reports of the side effects of retrobulbar 
injection of local anaesthetics [1, 2] prompted a 
search for less toxic equi-effective local anaes- 
thetic agents. Prilocaine has properties which 
make it worthy of investigation. It is an amide 
local anaesthetic related closely to lignocaine, but 
with less systemic toxicity. Compared with ligno- 
caine, s concentrations of prilocaine after 
administration by intercostal, caudal and extra- 
dural routes are less [3], while threshold doses for 
CNS symptoms in humans (lignocaine 6.4mg 
kg~!; prilocaine > 6.0 mg kg), and serum con- 
centrations producing convulsive activity in 
monkeys (lignocaine 18-26 ug ml`t; prilocaine 
20 ug mi‘) are similar, as are anaesthetic poten- 
cies [3]. Prilocaine has the potential problem of 
methaemoglobinaemia, but only in doses greatly 
in excess of those used in this study. 

The time of peak serum prilocaine concen- 
tration after completion of block administration 
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compares to a peak concentration at 5 min after 
topical mucosal application and 8 min after sub- 
cutaneous infiltration of lignocaine [6]. 

It is not possible to determine the proportions 
of prilocaine concentration contributed by each of 
the three sites of injection (facial, retrobulbar and 
superior rectus blocks). 

The mean peak concentrations encountered 
were 851 (165.6) ng ml-'—well below the concen- 
trations associated with CNS toxicity of 20 ug 
ml~ [3]. 
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EXAGGERATED PHYSIOLOGICAL RESPONSES TO 
PROPOFOL IN MYOTONIC DYSTROPHY 


H. SPEEDY 


SUMMARY 


A patient with marked manifestations of myo- 
tonic dystrophy presented for surgical correction 
of cataracts. Propofol was used as part of the 
anaesthetic technique. The patient demonstrated 
marked sensitivity to its central depressant ef- 
fects. 


KEY WORDS 
Anaesthetics iv ' propofol Myotonia dystrophica 


Myotonic dystrophy is a familial disease with 
autosomal dominant transmission and variable 
penetrance. Typically, the disease process be- 
comes manifest in the second and third decades of 
life. Prevalence is equal between the sexes, but 
pathological changes may be more obvious in the 
male. Myotonia may be an early symptom en- 
countered most often in the muscles of hand grip 
and face. Voluntary muscles may become pro- 
gressively weaker with associated increase in 
fatigue and decrease in exercise tolerance. Typic- 
ally, patients exhibit a lethargic demeanour with 
apathetic expression and ptosis of the eyelids. 
‘There may be frontal balding caused by prema- 
ture recession of the hairline. Muscle wasting may 
be marked and is most obvious in the face, neck 
and distal limbs. Early presentation to the medical 
services occurs with infertility, or loss of visual 
acuity because of cataract formation. The latter 
may require surgical correction and this usually 
involves some type of anaesthesia. Life expectancy 
is reduced and death results usually from cardio- 
pulmonary failure during the fifth decade of life. 

Myotonic dystrophy is a multi-system degener- 
ative disease. Striated muscle is affected by a 
variable degree of myotonia induced by voluntary 
or reflex contraction, mechanical stimulation 


(including surgical), and aggravated by cold. 
Muscular atrophy is progressive and leads to loss 
of mobility and ability to work. It also decreases 
ventilatory capacity and ability to clear chest 
secretions by coughing. Involuntary muscle atro- 
phy may cause gastrointestinal paresis and loss of 
oesophageal competence (increasing the risk of 
regurgitation); loss of laryngeal competence (in- 
creasing the risk of aspiration); and loss of 
pharyngeal tone (increasing the risk of obstructive 
apnoea). The myocardium may be affected, with 
arrhythmias and pump failure. Degeneration of 
endocrine glands may lead to diabetes mellitus, 
hypoadrenalism, myxoedema and infertility. De- 
generation in the brain may lead to apathy, 
somnolence, disorders of affect and pre-senile 
dementia. Degenerative change in the ocular lens 
leads to cataract formation [1]. 

The first case report of anaesthesia in this 
disease was published in 1915 [2]. The patient 
underwent muscle biopsy under ether general 
anaesthesia. The operation was complicated by 
muscle spasm induced by the surgical incision. 
While the patient was on the operating table, 
ventilation became grossly inadequate and cy- 
anosis occurred. After operation the patient 
remained cyanotic and unconscious for 24h. 
Many other reports have appeared subsequently 
in the literature [3-7]. These case reports attest to 
the ease with which apnoea can be induced with a 
variety of agents and techniques and the frequency 
of postoperative respiratory failure and delay in 
recovery. More recent publications have de- 
scribed the use of newer drugs [8-10]. However, 
there is still no universally recommended tech- 
nique; outcome is unpredictable, and disaster 
awaits the unwary or unprepared [11]. 


H. SPEEDY, F.F.A.R.C.S., Department of Anaesthesia, St James’s 
University Hospital, Beckett Street, Leeds LS9 7FT. Ac- 
cepted for Publication: July 13, 1989. 


PROPOFOL AND MYOTONIC DYSTROPHY 


CASE HISTORY 


The patient was a 3l-yr-old, 65-kg, unmarried 
male with a father affected severely by myotonic 
dystrophy. In the past 10 years he suffered from 
progressive limitation of exercise tolerance and 
gradual deterioration in eyesight. On presentation 
to the department of ophthalmic surgery his 
visual acuity was almost zero in one eye and only 
6/12 in the other. Exercise tolerance was limited 
to one flight of stairs. In the preceding year he had 
been affected also by somnolence. 

He gave no other medical history and had had 
no previous surgery or anaesthesia. He took no 
regular medications and had no known allergies. 
On examination he had a typical deadpan ex- 
pression with obvious bilateral ptosis and muscle 
wasting in upper and lower limbs. He exhibited 
generalized weakness of all muscle groups and 
myotonia in response to handgrip and percussion 
of clenched masseteric muscles. ‘There was no 
evidence of dyspnoea, hypoxia or hypercapnia at 
rest. Haematological and biochemical values were 
normal, as were chest x-rays and ECG. Bedside 
respiratory function testing revealed a reduced 
FVC (2.5 litre) but normal FEV,:FVC ratio. 

Arrangements were made for postoperative 
recovery and care in the intensive care unit. The 
patient was anxious and was premedicated with 
temazepam 20 mg orally, 90 min before surgery. 
On arrival in the anaesthetic room the patient was 
fully conscious but relaxed, and exhibited no 
difficulty with head-lift, swallowing or breathing. 
ECG and arterial pressure were monitored before 
and during induction. 

Propofol 25 mg was given into a free flowing, 
warmed, i.v. infusion of normal saline while the 
patient was observed closely. After 3 min the 
patient was still conscious and no obvious change 
in ventilation or circulation was seen. A further 
25 mg of propofol was given. One minute later 
the patient became unconscious and apnoeic. 
Arterial pressure decreased from 130/80 to 
101/65 mmHg. The lungs were ventilated easily 
with 50 % nitrous oxide in oxygen. Laryngoscopy 
was performed without difficulty and a 9-mm 
oral, cuffed tracheal tube was inserted without 
gagging or coughing or change in heart rate and 
arterial pressure. The patient was transferred to 
theatre and placed on a heated water-blanket, and 
the lungs were ventilated with 50% nitrous oxide 
and 0.5% isoflurane in oxygen. Ventilation was 
adjusted to achieve normocapnia. 

On preparing the patient’s eye for surgical 
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incision it was noticed that the eyeball was held in 
extreme downward gaze and some weak coughing 
movements were apparent. The inspired iso- 
flurane concentration was increased to 1%. This 
abolished the coughing movements and decreased 
the ocular muscle spasm within 1 min. Surgery 
was commenced and over the next 10 min arterial 
pressure decreased progressively to 65/35 mmHg. 
A rapid infusion of normal saline 1000 ml had no 
effect, so the inspired isoflurane concentration 
was decreased to 0.5%. Arterial pressure 
increased steadily over the next 10min to 
110/70 mmHg. The operation was completed un- 
eventfully in a further 25 min. At the end of 
surgery, isoflurane and nitrous oxide were dis- 
continued and the lungs ventilated with 100% 
oxygen. 

After 25 min no sign of waking was apparent, 
the patient remained apnoeic and no airway 
reflexes could be elicited, although end-expired 
carbon dioxide was increased to 7.0kPa. Dox- 
apram 100 mg i.v. had no effect. The circulation 
remained stable with an arterial pressure of 
120/80 mmHg and heart rate of 80 beat min“. 
After a further 80 min the patient started gagging 
on the tracheal tube. On discontinuing controlled 
ventilation, the patient took occasional spon- 
taneous breaths. During the next 10 min ventil- 
atory rate increased to 15 b.p.m., but he would 
not respond to command and his eyelids remained 
closed. Extubation was achieved easily, but the 
patient could not maintain an adequate airway. 
Insertion of an oropharyngeal airway allowed 
comfortable, regular ventilation, but he remained 
unconscious. He was then escorted to ITU 
breathing spontaneously via an oxygen mask. 

He regained consciousness after a further 2h 
when he was able to maintain his own airway. ‘The 
remainder of his recovery was uneventful. On 
questioning, he had no recall of any event between 
induction and removal of the oropharyngeal 
airway. 


DISCUSSION 


The potential risks associated with general an- 
aesthesia in this patient were appreciated, but it 
was felt that surgical success might be severely 
compromised by myotonia in the ocular muscles 
and by movement if it were undertaken in a 
conscious, nervous patient. 

The use of propofol in this condition has not 
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been described before. The drug was admin- 
istered cautiously and titrated to effect. It was 
clear that a profound depth of anaesthesia was 
achieved with a dose of drug that would be 
considered sub-anaesthetic in a healthy patient. 
The use of suxamethonium to facilitate intubation 
was avoided because of the risk of inducing 
generalized myotonia [12, 13] and intubation 
conditions were ideal after propofol alone. Be- 
cause of the apparent ease with which deep 
anaesthesia could be induced and maintained it 
was decided to avoid the use of a neuromuscular 
blocking agent. This also ensured that neostig- 
mine would not be required. As anticipated, 
surgical manipulation provoked myotonia of the 
ocular muscles and the use of isoflurane suc- 
cessfully overcame this problem. Reasonable 
precautions were taken to prevent hypothermia, 
as postoperative shivering can induce generalized 
myotonia. It was hoped that the small dose of 
isoflurane used, for only a short period of time, 
would not induce the shivering-like muscle con- 
tractions seen sometimes during recovery from 
volatile anaesthesia. As the operation is not 
associated with much pain, either during or after 
surgery, the use of opioids was avoided. 

The small doses of propofol and isoflurane used 
not only induced surgical anaesthesia but also 
caused hypotension. This may have been caused 
by depression of the central nervous system, or a 
direct effect on the circulation, or both. In spite of 
the very small total doses of anaesthetic agents 
used, the patient was deeply unconscious and 
apnoeic for nearly 2h after operation and re- 
mained unconscious and unable to maintain a 
clear airway for a further 2 h. No problems were 
experienced with regurgitation of gastric content 
and aspiration, as the patient was not acutely ill 
and had been well starved. 

Less than 1 mg kg! of propofol was adequate 
to induce general anaesthesia deep enough to 
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permit tracheal intubation in this patient. An- 
aesthesia was maintained at a depth adequate to 
facilitate controlled ventuation and surgery, by 
nitrous oxide and a small concentration of iso- 
flurane. Small doses of this short acting i.v. 
anaesthetic agent combined with the inspiration 
of a rapidly eliminated anaesthetic may be associ- 
ated with an exaggerated and prolonged anaes- 
thetic effect in this disease. 
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A SIMPLE FLOWMETER FOR UNUSUAL GASES 


I. FARQUHAR AND P. ELDRIDGE 


SUMMARY 


A flowmeter is described which may be used to 
measure gas flow in experimental situations. It 
may be adapted for use with any gas or gas 
mixture and be used to provide flows as small as 
50 mi min. A mercury-in-glass manometer 
(sphygmomanometer) is used to measure the 
gas pressure proximal to a flow restrictor (con- 
sisting of a hypodermic needle hub) and it is this 
pressure head which, for a given gas, dictates the 
flow produced. This device may be produced at 
minimal cost in any hospital, is easy to calibrate 
and accurate. 


KEY WORDS 
Physics tlow. Measurement techniques. anaesthetics, gases 


Several unusual gases for which flowmeters 
are not readily available may be used in medical 
research. It was a requirement for low flows of 
hydrogen, necessitated by the hydrogen clearance 
technique for the measurement of cerebral blood 
flow, that provided the impetus for the design of 
the device described here. The method uses 
inspired hydrogen concentrations of 5-10%. 
Many animals have an extremely small minute 
volume; consequently a system delivering stable 
flows in the range 0.1-1.0 litre min™ is necessary. 
Because hydrogen is introduced into the ventilator 
circuit near its connection with the tracheal tube, 
back pressure effects on the flowmeter system may 
be expected and must be minimized. 

Commercially available flowmeters are de- 
signed for industrial use and are expensive. We 
describe a simple method of regulating and 
determining flow within the above constraints. 
Because most institutions carry all the apparatus 
used in this device, it may be constructed at 
minimal cost. 


METHODS 


The system consisted of a primary and secondary 
flow restrictor located near the distal end of the 
tubing carrying the hydrogen gas (fig. 1). The 
primary restrictor was a 25-gauge needle with the 
shaft snapped off at the hub in order to prevent 
the tip of the needle impacting in the wall of the 
tubing during manipulation, leading to obstruc- 
tion of gas flow. Substitution of a different 
primary flow restrictor allowed the flow range 
available to be altered (see below). A T-connection 
in the tubing upstream of the restrictor allowed 
connection of a mercury-in-glass manometer (an 
old sphygmomanometer), to measure the gas 
pressure. The cylinder valve was used to regulate 
the pressure upstream of the restrictor. Hydrogen 
was introduced into the anaesthetic circuit by 
attaching a 21-gauge needle to the end of the 
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Fig. 1. Diagram of the flowmeter system. 


I. FARQUHAR, B.MED.SCI., M.B., F.F.A.R.C.$. (University Depart- 
ment of Anaesthesia); P. ELDRIDGE, M.A., MB., F.R.C.S. 


(Department of Neurosurgery), University Hospital, Notung- 
ham NG7 2UH. Accepted for Publication: July 21, 1989. 


114 


Flow (litre min”) 


100 
Pressure (mm Hg) 


150 


BRITISH JOURNAL OF ANAESTHESIA 





200 250 300 


Fig 2. Calibration curves for the flow restrictors. + = 21-gauge; C] = 23-gauge; © = 25-gauge; 
x = 25-gauge hub. 


delivery tubing and pushing the needle into the 
ventilator tubing. This secondary flow restrictor 
remained unchanged throughout all the experi- 
ments. The siting of the primary flow restrictor 
close to the secondary restrictor minimizes sus- 
ceptibility to back pressure effects from the 
ventilator. 

Calibration of the device was carried out by 
measuring the volume of water displaced from an 
inverted measuring cylinder in a given time at a 
specific hydrogen pressure (or, for low flows, the 
time taken for a given volume flow at a specific 
driving pressure). It is important that the volumes 
are measured at a standard pressure. This was 
achieved by ensuring that the water levels outside 
and inside the measuring cylinder were coinci- 
dent. 

Pressure—flow curves were plotted for the 25- 
gauge hub and intact 25-, 23- and 21-gauge 
needles as the primary flow restrictor (fig. 2). The 
internal diameters of the needles were measured 
with a micrometer. 

Reproducibility was assessed by measuring flow 
using the 25-gauge hub at pressures of 20, 40, 60, 
80, 100 and 200 mm Hg. 

Analysis of the curves was undertaken using 
least squares linear regression and least squares 
polynomial curve fitting. 

The ability of the flowmeter to provide a stable 
gas flow into the anaesthetic system was assessed 
using carbon dioxide. An artificial lung was 
ventilated using the system in figure 1 and the 
flowmeter used to add carbon dioxide to the fresh 
gas flow. The carbon dioxide concentration was 


TABLE I. Flow rates with increasing pressures for the different 
flow restrictors 


Flow rate (litre min`!) 


Needle gauge 
Pressure 
(mm Hg) 21 23 25 25 (hub) 
0 0 0 0 0 
10 0.16 0.06 0 04 0 07 
20 0.34 0.16 0.10 0.15 
30 0 49 0.21 0.16 0.23 
40 0.66 0 28 0.22 0 30 
50 0 85 0.34 0.29 0 39 
60 0.98 0 40 0.34 0.44 
70 118 0.49 0,39 0.49 
80 1.33 0.54 0 44 0.55 
90 1.46 0 62 0.50 0.60 
100 1.58 0.66 0.56 0.66 
120 1 82 0.80 0 66 075 
140 2.14 0 89 0 76 0 86 
160 2.40 1.02 0.86 0.95 
180 2.61 1.11 0 93 1.03 
200 2.86 1.25 1.00 1.12 
220 3.16 1.36 1,09 1.21 
240 3.33 143 1.15 1.30 
260 3.53 158 1.25 1.39 


measured at the inflow tract of the artificial lung 
with a capnograph (Engström Eliza). 


RESULTS 


The results of the calibration tests for the different 
restrictors are shown in table I and the pressure 
flow curves in figure 2, illustrating the ranges of 
flow achieved with each restrictor. The gas flows 
recorded for the 25-gauge hub are shown sep- 
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Fic. 3. Calibration curve for the 25-gauge hub with second 
order polynomial curve fitted to all the data points. The least 
squares linear regression is fitted to data points equivalent to 
flows < 0 6 litre min“. 
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Fig. 4. Expanded view of the calibration curve for the 25- 
gauge hub for flows < 0 6 litre min`}, showing the closeness 
of fit of the least squares linear regression line plotted for these 
data. 
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TABLE II. Summary of flow data obtamed from sx 
measurements at each of the pressures noted (using the 25-gauge 
hub restrictor). CV = coefficient of variation 








Pressure Mean (SEM) flow CV 
(mm Hg) (litre min`?) (%) 
20 0.168 (0.00167) 2.91 
40 0 342 (0.00154) 1 32 

60 0 461 (0.00154) 0 98 

80 0.589 (0.00154) 0.77 
100 0.699 (0 00239) 100 
200 1 218 (0.00307) 0 74 


arately in figure 3. Figure 4 shows an expanded 
view of the data points corresponding to flows of 
less than 0.6 litre min7!. It is clear from this figure 
that the linear regression line plotted for these 
data allows estimation of flow from pressure with 
reasonable accuracy, the maximal residual value 
being 37 ml min™ at a pressure of 50 mm Hg (an 
indicated flow of 390 ml min“). 

The data obtained from multiple flow measure- 
ments using the 25-gauge hub as the primary flow 
restrictor at a range of pressures are shown in 
table II. The maximum coefficient of variation 
was 2.91%. 

The traces in figure 5 show the variation in 
carbon dioxide with a steady flow of the fresh gas 
past the analyser port (with the lung disconnected) 
and during ventilation. The variation in carbon 
dioxide concentration attributable to the phase of 
the ventilator cycle is < 0.1% at a carbon dioxide 
concentration of 3.3%. 


DISCUSSION 


Calibration by the technique described above is 
obviously unsuitable for gases which are sig- 
nificantly soluble in water, and in this circum- 
stance a fluid in which the chosen gas has a low 
solubility should be used. We have made no 
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Frc. 5. Carbon dioxide concentration (upper trace) and airway pressure (Paw) (lower trace) in the circuit 
shown in figure 1. See text for details. A-B; Constant gas flow; B-C: artificial lung ventilated. Note lack 
of effect on concentration of carbon dioxide. 
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attempt to account for changes in ambient tem- 
perature or barometric pressure, as these will be 
negligible [1]. However, if the flowmeter is to be 
used in an unusual environment, it should be 
calibrated in this situation. Although not exam- 
ined formally, the performance of the device was 
stable with time (suggesting that there was no 
blocking of the flow restrictor), provided it was 
not dismantled and reconstructed, which is the 
explanation for the discrepancy between the flows 
noted in tables I and II. 

Theoretical considerations suggest that the 
curve obtained from the data should comprise an 
initial linear portion corresponding to laminar 
flow (in which flow is directly proportional to 
pressure), followed by a non-linear segment 
related to the onset of turbulent flow (during 
which flow becomes proportional to the square 
root of pressure [2]). On inspection, all the curves 
show a pattern that is consistent with this 
explanation. 

The flowmeter system described is of a constant 
orifice type [3]. It has antecedents in a system 
described by Pask [4], although the present device 
is much simpler and more flexible. It may be used 
to measure a wide range of flows of any gas or gas 
mixture, simply by choosing a suitable flow 
restrictor and determining a calibration curve. 
Very low flows may be achieved by using two or 
more primary flow restrictors in series. The device 
used by the authors was constructed from dis- 
carded equipment and proved reliable and capable 
of a high degree of accuracy, as indicated by the 
maximum coefficient of variation of 2.9% at low 
flows (table IT). 

The oscillation in concentration of carbon 
dioxide in figure 5 shows that the flowmeter is 
relatively unaffected by back pressure. The use of 
a critical orifice (an orifice through which the gas 
flows reaches sonic velocity when the pressure 
difference across the orifice exceeds 1 atm) would 
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obviate this problem. However, the constraints of 
pressure and flow would require an extremely 
small orifice and a pressure-measuring device 
capable of registering, with accuracy equivalent to 
a mercury-in-glass sphygmomanometer, pres- 
sures of greater than 1 atm. These items are not 
readily available. 

We would suggest that a restrictor 1s chosen 
such that the desired range of flows is less than the 
observed critical flow rate. This ensures that the 
system is operating in close approximation to 
linearity. If the highest possible accuracy is not 
deemed necessary, a single calibration point at the 
maximum desired flow rate, plotted to produce a 
straight line drawn through zero, may be used to 
predict flow rates. However, the flowmeter may 
be calibrated throughout its range and a curve 
fitted to the resulting data points (we found 
empirically that a second order polynomial pro- 
duced an extremely close fit in these circum- 
stances). As our original brief was to produce a 
system capable of high precision and stability of 
flow, the inconvenience of a non-linear scale was 
unimportant. A final caveat relates to the cylinder 
valve. “‘Pin-index”’ cylinders may not be used to 
drive this flowmeter because their valves are 
either “on” or “off”; however, the valve of a 
“bullnose ” cylinder allows a range of adjustment 
that has proved satisfactory in our hands. 
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ASSESSMENT OF A SCAVENGING DEVICE FOR USE IN 


PAEDIATRIC ANAESTHESIA 


M. J. SIK, R. B. LEWIS AND D. J. EVELEIGH 


SUMMARY 


We describe a scavenging device, primarily for 
use during inhalation induction of anaesthesia in 
children; it was designed to optimize the often 
conflicting requirements of clinical acceptability 
and adequate gas collection. The performance 
was assessed in three ways. The device reduced 
the nitrous oxide concentration in the breathing 
zone of the anaesthetist during inhalation in- 
duction to about 100 p.p.m. We also describe a 
method to measure the direct catchment of 
nitrous oxide expressed as a percentage of the 
total nitrous oxide used. In 46 patients the mean 
percentage collection was 82%. Using personal 
sampling devices, we found that comprehensive 
scavenging in paediatric anaesthesia can reduce 
the average exposure of anaesthetists to about 
730 p.p.m. of nitrous oxide. 


KEY WORDS 


Equipment: scavenging device. Anaesthetics gases: nitrous 
oxide. 


Scavenging of anaesthetic gases in operating 
theatres has become routine [1-3]. Conventional 
scavenging systems are capable of reducing pol- 
lution to levels which should present minimal risk 
to staff [4-7]. However, scavenging in dental 
surgeries, labour suites and particularly in paedi- 
atric anaesthesia is difficult and further efforts to 
improve scavenging in these situations are war- 
ranted. 

Various devices placed close to the patient have 
been proposed [8-10]. To be acceptable, such 
devices should achieve a worthwhile reduction in 
pollution without interfering with clinical prac- 
tice. The aim of this study was to consider the 
requirements of paediatric anaesthesia, in order to 


produce an acceptable scavenging device, pri- 
marily for use during inhalation induction, and to 
devise methods to assess its performance. 


METHODS 
Design of the scavenging device 

The device was designed to present minimal 
interference to the patient and staff. It consists of 
a scavenging tray which fits on the head section of 
a standard Eschmann Matburn M series operating 
table (fig. 1). The tray, constructed from sheet 
stainless steel, was fabricated in the mechanical 
workshop of the Medical Physics Department. It 
replaces the head section of the table mattress. A 
smaller smooth mattress, upon which the child’s 
head can rest comfortably, is recessed into the 
centre of the tray. The evacuating aperture 
consists of a series of slots along the top surface of 
the three outside edges of the tray. The slots are I 
cm wide and have a total length of 78 cm. 

Gas is evacuated through a 10-cm diameter (78 
cm? area) hole in the head section of the table 
underneath the tray. The hole is positioned to 
avoid strengthening flanges and the head tilting 
mechanism. Flexible corrugated polythene duc- 
ting (10cm diameter) connects this port to a 
flange mounted on a duct in the anaesthetic room 
wall. The connection to the wall flange is made by 
a lightly fitting soft rubber ring, so that automatic 
disconnection occurs as the table is wheeled into 
the theatre. A radial fan mounted in the wall duct 
is used for evacuation. 

The scavenging efficiency of the tray was 
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Fig. 1. The scavenging tray ın position on the head section 

of the operating table. The variation of air velocity perpen- 

dicular to the plane of the apertures, for increasing distance 

above the aperture, is shown for three positions on the scaveng-~ 
Ing tray. 


assessed in 61 patients on routine lists. The mean 
age was 5.7 yr (range 3 months—10 yr). 

All patients received inhalation induction of 
anaesthesia using a standard Jackson—Rees system 
with a fresh gas flow of nitrous oxide 5 litre min“, 
oxygen 3 litre min™! and halothane. The flow- 
meters had been calibrated against a dry gas 
meter. While nitrous oxide was flowing in the 
anaesthetic room, gas sampling was undertaken 
either in the breathing zone of the anaesthetist or 
in the exhaust stream of the scavenging fan and 
analysed as described below. 

The anaesthetic room had a volume of 22.5 m? 
and room ventilation was 365 m°? h7—approxi- 
mately 16 room changes per hour, assessed by 
introducing nitrous oxide as a tracer gas and 
analysing the subsequent decay. 


Assessment of performance 


The air flow pattern produced by the scaven- 
ging tray was assessed by measuring air velocity in 
a direction perpendicular to the plane of the 
apertures. Measurements were taken at increasing 
distances perpendicular to the apertures using a 
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small thermoanemometer (Prosser Scientific 
Instruments type A.V.M. 100). 

The noise level at the position of the patient’s 
head and at a position over the centre of the table 
1.5m above the floor was measured with a 
precision sound level meter (Bruel and Kjaer type 
2203) with octave filter set (type 1613). 

The efficiency of the scavenging system was 
assessed in two ways. First, to demonstrate its 
ability to reduce the anaesthetist’s exposure, the 
concentration of nitrous oxide in the breathing 
zone of the anaesthetist was monitored throughout 
induction for 15 patients. Gas was sampled by a 
general purpose infra-red gas analyser (Wilks 
Scientific Ltd. Miran 1A) (wavelength 3.9 um, 
pathlength 14.25 m, time constant 1 s) with the 
sampling hose attached to the anaesthetist’s cap. 
An X-T recorder (Bryans 2000) was used to 
provide a continuous trace of the concentration of 
nitrous oxide. 

The total volume of nitrous oxide used during 
each induction was obtained by multiplying the 
constant flow of nitrous oxide in the fresh gas 
supply (5 litre min“), by the time. 

A second assessment was made by measuring 
the fraction of waste gas that was collected directly 
by the device during the induction of anaesthesia 
in 46 patients. This was obtained by monitoring 
the concentration of nitrous oxide in the exhaust 
stream of the evacuating fan with the Miran 
analyser. As the total gas flow through the 
scavenging tray was constant and a constant flow 
of nitrous oxide in the fresh gas supply was used, 
the Miran output provided a continuous measure- 
ment of the fraction of nitrous oxide captured by 
the tray. This was displayed on the X-T recorder 
as a nitrous oxide collection curve. Calibration 
data, required for subsequent analysis, were 
obtained before each list by introducing known 
flows of nitrous oxide directly into the scavenging 
tray. This also enabled the overall accuracy of the 
technique to be assessed. 

The total volume of nitrous oxide collected by 
the scavenging tray was obtained by subsequent 
integration of the collection curve. This was not 
possible by simple area measurement because the 
Miran output is a non-linear function of nitrous 
oxide concentration. Analysis of each collection 
curve was performed, therefore, with a pro- 
grammable digitizing system consisting of an X- 
Y scanning frame from an ultrasound scanner 
(Nuclear Enterprises 1402) interfaced to a micro- 
computer (B.B.C. Model B). Digitization was 
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performed in the normal way by tracing over each 
curve with the digitizing arm. The software was 
written so that suitable scaling was applied and an 
integration performed over the curve. A printout 
was produced for each curve which showed the 
collection curve on a linear scale, the volume of 
nitrous oxide used, the volume of nitrous oxide 
collected and the percentage collection. 

The development of the scavenging tray was 
undertaken to complement the installation of a 
commercial system (Howarth), which was de- 
signed specifically for paediatric use. The 
Howarth system provides scavenging flows of 
150 litre min`? for collection from an adjustable 
pressure limiting (APL) valve and 400 litre min™ 
for collection from an open dish [11]. To obtain 
an overall assessment of the complete installation, 
in theatre and anaesthetic room, a further survey 
of staff exposure was undertaken using personal 
sampling tubes as described by Gray and col- 
leagues [12]. A total of 104 samples was taken 
during normal operating lists—55 before and 49 
after the installation of scavenging, which was 
undertaken during inhalation induction and main- 
tenance of anaesthesia. Normal theatre ventilation 
was used in both cases. Each tube was worn for a 
complete operating list and subsequent analysis 
gave an integrated exposure in p.p.m. xh. A time 
weighted average (TWA) was obtained by di- 
viding by the sampling time. 
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RESULTS 


Figure 1 shows the air velocity perpendicular to 
the plane of the apertures at three positions on the 
scavenging tray. For each position the variation of 
air velocity is shown for increasing distance 
perpendicular to the plane of the apertures. In the 
plane of the aperture there was an overall variation 
of +5% about the mean value. This was caused 
by the asymmetric position of the exhaust port 
which was located to avoid the tilting mechanism 
and strengthening flanges underneath the table 
head. 

Integration of the air velocity over the area of 
the apertures gave an overall air flow through the 
system of 1830 litre min`? +10% at maximum fan 
speed. The result obtained by measuring the 
dilution of a known flow of nitrous oxide into the 
system was 1960 litre min` +5 %. 

A noise level of 49 dBA, with no significant 
peaks in the frequency spectrum, was measured at 
the position of the patient’s head. Over the centre 
of the operating table, 1.5 m above the floor, the 
noise level was 43 dBA. 

Figure 2 shows results for the variation of 
nitrous oxide concentration in the breathing zone 
of the anaesthetist during the course of typical 
inhalation inductions. Curve (a) shows results 
obtained with the scavenging tray in use and 
curve (b) shows results for a similar induction but 
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Fic. 2. Typical variations in the concentration of nitrous oxide in the breathing zone of the anaesthetist 
during inhalation induction of anaesthesia. Curve (a) = scavenging tray in use. Curve (b) = scavenging 
tray not in use. 
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Fig. 3. Typical nitrous oxide collection by the scavenging tray during the course of an inhalation 
induction. A: Variation of concentration of nitrous oxide in the output stream of the scavenging fan. 
B: Corresponding variation in the collection efficiency calculated from the same data. 


without the scavenging tray. Without any local 
scavenging there was a rapid increase in nitrous 
oxide concentration and values of more than 
1000 p.p.m. were reached during the course of 
inhalation induction. Similar concentrations in 
anaesthetist’s breathing zones have been reported 
[4]. With the local scavenging system in use, a 
substantial reduction in nitrous oxide concen- 
tration was achieved, and the value remained less 
than 100 p.p.m. for most of the induction period. 

Traces demonstrating typical variations in gas 
collection during the course of an induction are 
shown in figure 3. Figure 3A shows a direct 
recording of the concentration of nitrous oxide in 
the output stream of the evacuating fan. The 
dotted line indicates the concentration obtained 
when a uniform flow for nitrous oxide 5 litre 
min! was passed directly into the scavenging 
tray, and therefore represents 100% collection 
efficiency. Figure 3B is the corresponding result 
after processing and shows the variation in 
collection efficiency during the induction. The 
collection efficiency was lowest at the start of 
induction when the mask was furthest away from 
the patient and the scavenging tray. As the mask 
was gradually moved closer to the patient, the 
percentage of nitrous oxide which was collected 
by the system increased. Fluctuations in collection 
efficiency are caused by random air currents and 
movement of mask toward or away from the 
patient. 


A summary of all measurements of collection 
efficiency is presented in table I. On average, 82 % 
of nitrous oxide used during induction was 
collected by the system (range 54-93%). As 
expected, the best collection was obtained for the 
most settled patients. The overall accuracy of the 
collection technique was asssessed as +5%. 

The overall TWA exposure for a particular staff 
group was obtained by averaging all results for 
that group (table II). The range of values obtained 
from individual operating lists also is shown in 
table IT. 


DISCUSSION 


A number of recommendations have been made 
regarding acceptable concentrations of waste 
anaesthetic gas. In Sweden, the control limit 
for the 8-h TWA exposure to nitrous oxide is 
100 p.p.m. The American National Institute 


TaBLe I. Age and collection efficency (mean (range)) in 
46 patients. tIncludes time taken for attachment of ECG 
electrodes and other patient preparation. t Percentage of the 
total mtrous oxide used which was collected by the scavenging 


system 
Mean 
duration of Collection 
N,O admin.f efiicrencyt 
Age (yr) (8) (%) 
5.7 (0.25-13) 375 81.8 (5493.3) 
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TABLE II. Time weighted average (TWA) exposure (mean 

(range)) of staff to nitrous oxide before and after the mtroduc- 

tron of scavenging during inhalation mduction and maintenance 

of anaesthesia. The data were obtained using personal sampling 

devices (55 samples before and 49 samples after introduction of 
scavenging) 





TWA exposure (p.p.m.) 


Staff group/ SEER 
location Before scavenging After scavenging 
Anaesthetists 947 (480-2230) 130 (21-857) 
Anaesthetic Nurse 449 (166-674) 61 (13-276) 
Circulating Nurse 232 (147-441) 27 (10-127) 
Background 220 (137-511) 34 (7-145) 


for Occupational Safety and Health [13] has 
recommended an upper permissible limit of 
25 p.p.m. at the theatre exhaust grill. However, 
Sharer and colleagues [3] have suggested that a 
limit of 25 p.p.m. is unnecessarily restrictive, and 
consider that 200 p.p.m. at the theatre periphery 
would be a more reasonable limit. 

The D.H.S.S. recommendation [14] is that the 
limit should be as low as reasonably practicable. 
Health Boards are now required to satisfy the 
Health and Safety Executive (H.S.E.) that safe 
working conditions are maintained in theatres. 
Our local H.S.E. inspector’s interpretation is that 
one should aim for a TWA exposure less than 
100 p.p.m. 

Exposures less than 100 p.p.m. are difficult to 
maintain in paediatric anaesthesia unless scaven- 
ging is undertaken during inhalation induction 
in addition to maintenance of anaesthesia. The 
contribution to personal exposure which arises 
specifically from the use of inhalation induction 
may be assessed by a simple mathematical model 
(see Appendix). The results show that, in some 
situations, significant personal exposure may 
result from inhalation induction. 

The need to scavenge should be assessed in 
each location and an optimum balance sought 
between reduction in risk to staff and intrusive 
complication of clinical practice. The device we 
have described was designed specifically to pre- 
sent minimal interference with clinical care by 
keeping the scavenging apertures well away from 
the patient. In this case the induced air velocity 
around the patient depends only on the total 
scavenging flow and not on the area of the 
aperture. The geometry of the aperture was 
chosen, therefore, to optimize gas collection and 
clinical acceptability and the area made only large 
enough that the fan was not unduly restricted. 
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The results shown in figure 2 indicate that the 
device was effective in reducing the concentration 
of nitrous oxide around the anaesthetist. For other 
staff, a more relevant feature is the ability to 
remove nitrous oxide before mixing in the room 
takes place and this was assessed by measuring the 
collection efficiency. The mean value of 82% is 
equivalent to reducing the quantity of spilled gas 
by a factor of more than 5. 

The collection efficiency is maximum when the 
mask is firmly on the patient’s face, provided that 
the open tail of the reservoir bag is within the 
boundary of the slots around the tray. In this case, 
respiratory fluctuations may be seen on the trace. 
It was often found convenient to direct the tail of 
the reservoir bag into one of the slots around the 
edge of the scavenging tray. As the system was 
under close observation at this stage, we found 
that this could be done safely without danger of 
occluding the tail. 

This scavenging device is clearly susceptible to 
strong air currents and should not be positioned 
where a constant sideways draught is present. 
Random air currents caused by staff movement 
are always present. We made no attempt to limit 
staff movement, so that a realistic assessment 
of the performance under normal working con- 
ditions would be obtained. 

Performance may be improved by increasing air 
flow through the device. The maximum air flow is 
determined by practical limitation on the size of 
exhaust fan and ducting and by the need to 
minimize noise level. Our results were obtained 
with an overall air flow of about 2000 litre min“}. 
This flow was attained easily with 10-cm diameter 
ducting, which we found to be clinically accep- 
table. As the scavenging air flow was less than 
10% of the overall room ventilation, theatre air 
conditioning and pressure gradients were not 
affected. The resulting noise level of 49 dBA at the 
patient was barely audible above normal theatre 
background noise. 

The scavenging device was designed principally 
for use during inhalation induction. However, as 
the scavenging tray remained in position on the 
operating table, it was used also in theatre as an 
efficient and safe air break for scavenging from the 
tail of the reservoir bag of a standard Jackson- 
Rees breathing system, in a manner similar to that 
used by Hatch [11]. When used in this situation, 
there is a much lower scavenging flow requirement 
as excess gas is expelled from the tail of the bag, 
which itself can be directed into a slot on the 
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TABLE III. Calculated concentrations of mtrous oxtde resulting from the use of mhalation induction of 

anaesthesia in a normally ventilated room with no direct scavenging. It 1s assumed that there are six 

patients evenly spaced over a hst lasting 2.5 h and that mtrous oxide flows at 5 litre mn™* for 300 s for 
each patient 





Room ventilation 


Room volume 
(m°) 


20 240 
22 5 360 
60 1200 


scavenging tray. In theatre the device was there- 
fore connected to the 400-litre min™ Howarth 
outlet. 

The combination of our own device and the 
commercial system provided scavenging facilities 
for all situations in paediatric anaesthesia—that is, 
during inhalation induction and during main- 
tenance of anaesthesia using breathing systems 
with or without an API collection valve. A 
considerable reduction in nitrous oxide pollution 
was achieved by the introduction of this compre- 
hensive range of scavenging, as shown in table II. 
We suggest that it may be difficult to reduce staff 
exposure, during normal paediatric anaesthesia, 
to concentrations less than those indicated in 
table IT. 


APPENDIX 


A sumple non-steady-state, single open compartment model, 
which assumes instantaneous mixing, may be used to calculate 
the concentration of nitrous oxide at any time in a ventilated 
room where nitrous oxide 1s also being discharged. At any 
ume, the change of concentration AC in a small time interval 
AT will be: 


AC = (Pn,o(1— C)/60V — PrC/3.6V)107. 
ATppm 


where’ VN,O = nitrous oxide flow in htre min; C= 
concentration at a given time (p.p.m.); V = volume of room 
(m*); Vr = room ventilation (m? h~?!) 

For times when nitrous oxide 1s not flowing, VN,o = 0. 
Using this expression, the background concentration at any 
time and the time-weighted average concentration during a list 
can be obtained. 

Table III shows results for three sets of room volume and 
ventilation. In each case we have assumed that there are six 
patients evenly spaced over a list lasting 2.5 h. We have also 
assumed that nitrous oxide flows at a constant rate of VN,o = 
5 litre rnin“! for 300 s for each patient The first set of data 
refer to a very small, poorly ventilated anaesthetic room, the 
second to our own situation and the third set to a larger, well 
ventilated anaesthetic room. 

The importance of room ventilation ıs clearly demonstrated 
and this is relevant for most staff in the room. However, 
instantaneous mixing does not take place in practice and the 


(m? h`?) (changes h~?) 


Nitrous oxide concn 
(p.p.m.) 
Peak Mean 
12 800 250 
16 610 166 
20 204 50 


anaesthetist may be exposed to much higher concentrations, as 
indicated ın figure 2. 
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CORRESPONDENCE 


THORACIC NERVE BLOCK 


Sir,—In his review of developments ın local anaesthetic 
techniques [1], Dr Wildsmith mentions continuous intercostal! 
nerve block. 

We have conducted a double-blind, randomized controlled 
trial using this technique in 80 patients undergoing thor- 
acotomy [2], and have shown that it decreases the post- 
operative decrease in lung function, improves subsequent 
restoration, decreases pain scores, and reduces the incidence of 
pulmonary complications in patients with chronic obstructive 
airways disease. 

We have demonstrated also that continuous intercostal nerve 
block 1s an effective means of perfusing the paravertebral space 
after thoracotomy: ın 50 patients we infused a mixture of 
methylene blue and bupivacaine before closing the chest, and 
found that spread occurred consistently over three to five 
paravertebral spaces. After 4 days of infusion, radiographic 
contrast confirmed extensive paravertebral spread. 

As Dr Wildsmith says, paravertebral block ıs a very 
attractive alternative to central block. We should like to 
emphasize just how useful this is in patents undergoing 
thoracotomy. 


R. G. BERRISFORD 
S. S. SABANATHAN 
Bradford 
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SIDE EFFECTS OF ATRACURIUM 


Sir,—The two papers on the post-marketing surveillance of 
the side effects of atracurium and the accompanying editorial 
[1-3] make interesting reading. I am as surprised as Professor 
Hull to find that all the cutaneous reactions reported following 
the use of atracurium ın various clinical studies [4-7] were not 
observed by the authors of the surveillance studies 

It ig interesting to note that the authors of the two studies 
stated that events such as transient skin rashes and mild 
bronchospasm may not be recorded. Is 1t possible that some of 
the side effects observed were caused by other agents? The 
doses of atracurium used are not mentioned ın the surveillance 
papers; this is an important omission, as the occurrence of 
histamine-mediated effects has been reported to be dose 
related [5]. Our experience has shown that most of the 
histamine liberation following administration of atracurium 18 
manifest as harmless cutaneous reactions; other serious 
manifestations have occurred only rarely and mostly after the 
use of larger doses [8]. 


Histamine release is recognized as an inherent side effect of 
benzyl-isoquinolinium compounds including atracurium [9]. 
Measurement of plasma histamine concentrations has shown a 
significant increase after administration of atracurium even in 
a dose of 0.6 mg kg™!, but with little change after vecuronium 
[10]. Histamine concentrations in this range have been 
suggested as likely to cause significant changes in heart rate 
and arterial pressure [11], and clinical strategies have been 
described for minimizing histamine-mediated haemodynamic 
responses with the use of atracurium [12]. No histamine- 
mediated side effects were reported in a study involving 
vecuronium in a dose as large as 0.3 mg kg™ [13]. 

One can never be certain that any drug (including vecuro- 
nium) can ever be considered immune from histamine 
liberation. However, results of published clinical studies and 
case reports suggest that the likelihood is greater after 
atracurium than after vecuronium and it may be too early to 
call for reconsideration of clinical opinion in this respect. 


R. K. MIRAKHUR 
Belfast 
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ANAPHYLACTOID REACTION TO VECURONIUM 


Sir,—The recent case report of pancuronium allergy [1] has 
prompted us to report our experience of an anaphylactoid 
reaction to vecuronium. Vecuronium and pancuronium have 
been promoted as the neuromuscular blocking agents least 
likely to result in anaphylactoid reactions because of their low 
potential for histamine release [2-5]. This case history 
describes an anaphylactoid reaction to vecuronium, where 
intradermal tests following the reaction showed a positive 
result to vecuronium and pancuronium. 

The patient, an extremely anxious 72-yr-old lady, was 
scheduled for sigmoidoscopic excision of a rectal tumour. Her 
current medication included triazolam, fenbufen, allopurinol 
and soluble aspirin. She had recovered fully from a mght-sided 
cerebrovascular accident 18 months ago. Previously, she had 
undergone five general anaesthetics; the records for two of 
these general anaesthetics were available and did not include 
the use of vecuronium or pancuronium (table I). She had had 
local angioedema to iodine once previously, but there was no 
significant atopic history. 

Anaesthesia comprised the following: oral temazepam 
before operation ; fentanyl, thiopentone and vecuronium. After 
induction, she immediately coughed, developed erythema of 
her lower trunk, tachycardia and peripheral pulses became 
impalpable although a carotid pulse was present. The trachea 
was intubated and the lungs ventilated with 100% oxygen; 
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bronchospasm was not noted. She was resuscitated success- 
fully ustng adrenaline, haemaccel 1000 ml and normal saline 
1000 ml infused over the next 25 min. The sinus tachycardia 
developed into multfocal ventricular ectop c beats with S-T 
segment depression and atrial fibrillation. Systolic arterial 
pressure had increased to 85 mm Hg after 10 mun and the 
operation was abandoned. She awoke complaining of ab- 
dominal pain which settled with sublingual glyceryl trinitrate 
and morphine. Her arterial pressure and electrocardsogram 
returned gradually to preoperative values cver the next few 
hours. She was noted to have oedema of her face and hands 
which persisted for the next few days. Blood samples for serial 
IgE and complement studies were taken at 1, 6 and 24 h after 
the reaction. These showed a decrease in C3, C4 and total 
complement concentrations, and her IgE corcentratons were 
greater than normal. Serial myocardial enzymes and ECG 
recordings showed no evidence of myocardiel infarction. One 
week later, operation and anaesthesia proceeded uneventfully 
using the following: ranitidine and phenergan orally before 
operation, propofol, nitrous oxide, oxygen and isoflurane. 

Six weeks later the patient attended our Anzesthetic Adverse 
Reaction Clinic. IgE concentration was 311 KU litre? 
(reference range. 14-120 KU litre). Intradermal tests were 
performed following the Fisher protocol [6] with the following 
results negative to control saline: thiopentome, propofol and 
fentanyl 1:100; suxamethonium, alcuroniura and gallamine 
1:1000, tubocurarine and atracurium 1:10000. Control intra- 
dermal injections of histamine and 48/80 showed normal 
reactivity and positive results to vecuronium aad pancuronium 
1:1000 were found. Vecuronium 1:1000 prcduced a 10-mm 
weal and 35-mm flare; and pancuronium 1:1000 produced a 
12-mm weal and 40-mm flare response at 15 min following 
intradermal mjection. 

This is the first case of a severe anaphylactoid reaction to 
vecuronium we have encountered, in which intradermal testing 
showed positive results to vecuronium and pamcuronium only, 
at the standard diluuons recommended for intradermal testing. 
The IgE concentrations were found to be abnormally high 
during operauon and at 7 weeks following the anaphylactoid 
reaction. There was no history of atopy to account for this high 
concentration of IgE. Complement studies showed a decrease 
ın C3 and C4 concentrations consistent wah C3 and C4 
activation. This patient would not have been exposed to either 
vecuronium or pancuronium in the past, as pencuronium has 
been in clinical use since 1970 and would not have been used 
in the three general anaesthetica of unknowr nature, which 
took place before 1970. 

It 18 important to carry out intradermal testing following an 
anaphylactoid reaction to determine the causat-ve agent and to 
find out which drugs would be safe to use if fusure anaesthesia 
were necessary, a8 cross-sensitivity to structurally similar 


TABLE I. Patients prevtous anaesthetic drug history 


Date Operation 

1954 Tubal ligation 

1965 Ulcer repair 

1967 ‘Thumb procedure 

1971 Freeing of abdominal adhesions 
1986 Shoulder operation 


Drugs 


Unknown 

Unknown 

Unknown 

Thiopentone, suxamethomum, tubocurarine, 
nitrous oxide, halothane 

Thiopentone, atracurium, fentanyl, nitrous 
oxide, halothane 
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drugs may be found. This case shows that an anaphylactoid 
reaction can occur with vecuronium despite its low potential 
for histamine release. 
B. C. TREUREN 
D. H. F. BUcKLEY 
Wellington N.Z. 
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PERCUTANEOUS ANTERIOR APPROACH TO THE 
COELIAC PLEXUS USING ULTRASOUND 


Su,-—Dr Montero~-Matamala and colleagues [1] state that the 
anterior approach to the coeliac plexus is useful in patients 
who are terminally ill or heavily sedated and who have 
difficulty in tolerating the prone position. For 7 years I have 
carried out coehac plexus blocks with the patient in the lateral 
position, similar to that used for lumbar chemical sym- 
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pathectomy. With careful positioning of the patient on the 
table, a bilateral approach can be achieved without having to 
move the patient between carrying out a mght and left block. 
Intraoperative management of the patient is much easter in the 
lateral position, which is suitable for both the classical coeliac 
plexus block and also bilateral greater splanchnic block. 


W. G. NOTCUTT 
Great Yarmouth 
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Sir,—With regard to the comments of Dr Notcutt, I agree that 
coeliac plexus block may be carried out with the patient in the 
lateral position ; however, I consider that the anterior approach 
does have certain advantages over the lateral. 

The anterior approach is tolerated better by all patients, not 
only the terminally ill, heavily sedated or those who have 
difficulty in tolerating the lateral or prone position. The supine 
position does not require undue collaboration by the patient 
and, should general anaesthesia be necessary, the supine 
position makes anaesthetic management easier. The supine 
position is the preferred one with ultrasound to locate the 
abdominal aorta and the coeliac trunk, permitting easier 
performance of coeliac plexus block. This approach is faster 
than the lateral and posterior, no contrast medium is needed 
and only one needle ıs used, thereby reducing morbidity. In 
contrast to the lateral approach, the anterior approach is 
suitable only for block of the coeliac plexus and not the greater 


splanchnic nerves. 
A. MONTERO- MATAMALA 


Barcelona 
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BOOK REVIEWS 


Capnography in Climcal Practice. By J. S. Gravenstein, D. A. 
Paulus and T.J. Hayes. Published by Butterworths 
Publishers, Stoneham MA. Pp. 158; indexed; ulustrated. 
Price £21.95, 


This book has ıts origins in a manual designed originally to 
accompany a video tape on capnography produced by the 
Anesthesia Patient Safety Foundation. 

There are three main parts to the book. The first deals with 
the clinical aspects and explains most situations very well. Not 
surprisingly, circle systems are considered in some detail and 
whilst the section on the effect of the capnogram of 40 valves 
within a circle system is very mnteresting, the British reader 
may want to know more about the peculiarities of systems 
commonly used in this country. Nevertheless, the capnogram 
in relation to the Bain system is very well described. 

The second part gives a simple and concise account of the 
physiology of carbon dioxide production, transport and 
elimination, but this information is readily found in more 
detail in other sources. 

The final section is entitled ““Technologic Perspectives on 
Capnography” and provides a good account of the physical 
principles involved in the various types of capnometer. There 
are many useful and clear illustrations, but some of these are 
distant from their text citations. Indeed, the book would 
benefit from even more illustrations of abnormal capnograms, 
as many of these abnormalities are described only ın text. 

This book is readable and sufficiently concise to absorb over 
a weekend. The style, while easy, will not find favour with all 
readers (‘The capnogram resembles the shape of an elephant, 
swallowed by a snake, hiding under the sand—the capno- 
phant”). Examination candidates would benefit from reading 
the first part of this book, as would the clinician who is 
fortunate enough to have a capnometer which displays a 
capnogram. It is essential that anaesthetists are able to interpret 
such information and a copy of this book in the Departmental 
library will enable them to do ao. 

I. G. Wilson 


Medicine in the Practice of Anaesthesia. Edited by L. Kaufman 
and J. Betteridge. Published (1989) by Edward Arnold, 
London. Pp. 361; illustrated; indexed. Price £35.00. 


What is the place of books that try to bridge specialties? The 
Part 3 F.C. ANAES. certainly contains more medicine than many 
candidates expect, but is there a need for a book on medicine 
already pruned for the anaesthetist? When I took the old Final 
F.F.A.R.C.S. I picked a book on medicine that I liked, paid 
particular attention to cardiology and respiratory medicine, 
and skipped over dermatology. There ıs no chapter on 
dermatology in Kaufman and Betteridge’s book, but the other 
specialties are covered in 10 chapters by 13 physicians and one 
anaesthetist, mostly from London and mostly from University 
College. Three of the chapters are not about systems: there is 
one on the interpretation of x-rays; one on acid-base balance; 
and one on rheumatic disorders. 


ee 


The book ıs well presented and has a pleasing la-out in 
double columns. There are some excellent illustratiors. The 
chest radiographs are amongst the clearest I have seen œ non- 
glossy paper, and explanations of acid—base disturban=es are 
accompanied by well~annotated diagrams. 

My mamn criticism is that it belies ita title: Medictnc in the 
Practice of Anaesthesia should include more discussions of 
anaesthetic relevance, and with more consistency, then this 
book contains. 

In the preface, the editors write that “one must be avare of 
the possible hazards of pacemaker or surgical operatmns in 
patients who have had bypass surgery.” As they also mtend 
that the book should be a “ready source of referen e”, I 
turned to the index, but coronary artery bypass is not there. In 
the chapter on cardiovascular disorders there are two para- 
graphs on bypass grafting, but no mention of anaesthesia 
within them ; and the only anaesthetic advice about pacer_akers 
states baldly, “Halothane and related gases raise the threshold 
for capture, and should not be used,” and this comn=nt is 
indexed. There is a similar throwaway remark in the oth crwise 
sound chapter on nephrology that renal damage is “less 
common with enflurane and halothane” than with menoxy- 
flurane. 

On the other hand, there is plenty of good advice fer the 
anaesthetist in the chapters on gastromtestinal and liver 
disease, and rheumatic disorders. Of the 19 entries in the ndex 
under anaesthesia, only one 1s to an entry not in thes: two 
chapters. The chapter on endocrinology includes deailed 
comments on anaesthetic management, but these ar not 
indexed under anaesthesia. 

If the editors intend this to be a reference book, they s_ould 
try to persuade the authors not to use abbreviations th-t are 
generally unfamiliar, or at least supply a glossary. I= the 
section on diabetic retinopathy, there is the unexplined 
abbreviation “CS1”. One has to turn back five pages tc find 
that this means constant subcutaneous tmsulin infusion. A rah of 
abbreviations may save space but NIDDY, ESRF, CAJ and 
NHI. make the writing less clear. 

I found one questionable suggestion for management. I 
would disagree that in acute severe asthma “if the patient 1s 
exhausted uncontrolled oxygen may cause CO, retenon.” 
These patients do not have a blunted response to CO, which 
is the only reason for withholding high concentratiors of 
oxygen from adults in the acute early stages of respir-tory 
distress. 

The text does not contain specific references. In the pr-face 
the editors state that the chapters include guides to fu-ther 
reading. Some contain useful separate lists headed Ficther 
reading and References, but there are nearly three pages Lsted 
for rheumatic disorders, a mere five references listec for 
respiratory disorders, and no references for nephrology. 

In general, the book 18 easy to read, although the writig is 
occasionally casual. The therapeutic ratio of a drug is the atio 
between its ED,, and LD,,, not “the relation betweer its 
clinical and toxic effects’’, a phrase that lacks precision, Taere 
are a few unimportant errors missed in proof-reading, but here 
ig a serious error on p. 120, where a sentence has Ceen 
transposed and the text reads as if 50-100 mmol of dextupse, 
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instead of bicarbonate, should be given to diabetics with severe 
metabolic acidasis. 

Textbooks, unlike monographs, are personal things, bought 
from individual taste rather than out of a particular interest. 
Some will see this book, like it, and buy ıt. Libraries would do 
better to buy the direct competitor, Vickers’ Medt:cine for 
Anaesthetusts (Blackwell), now in 1t8 second edition, which 
combines medicine and anaesthesia more satisfactorily and 1s 
far better indexed and more thoroughly referenced. If I were 
taking the examination again I would probably keep to my 
original tactic and buy a textbook of medicine. 

N W. Goodman 


Lectures in Anaesthestology 1988/2, 1st Edn. Edited by J. S. M. 
Zorab and R, M Weller. Published by Blackwell Scien- 
tific Publications in association with World Federation of 
Societies of Anaesthesiologists, Oxford. Pp. 76; Price 
£9.75. 


This 1s the second in a series produced in association with the 
World Federation of Societies of Anaesthesiologists ; it aums to 
present high quality lectures to anaesthetists who have few 
educational opportunities. However, it is noted at the start of 
this book that, because of commercial pressures, this is the last 
in the present series. 

This volume contains seven chapters from authors working 
in the U.K., the U.S.A., Israel and Hong Kong. The subjects 
covered are varied, but ate of clinical relevance and include. 
anaesthesia, pain and rehabilitation, monitoring and antag- 
onism of neuromuscular block, recognition and management 
of the difficult airway, chronic pain, neuroanaesthesia and day 
case units. The transcript of a lecture to the Royal Society of 
Medicine given by the late Sir Geoffrey Organe ıs also 
included. 

The individual chapters are well written overviews of the 
subject. However, it is difficult to gauge at what audience the 
book is aimed. Basic skills chapters such as those on the 
difficult airway and neuromuscular block are appropriate for a 
novice. On the other hand, specialized chapters such as 
neuroanaesthesia and chronic pain are not for the novice, nor 
are they comprehensive enough for the potential specialist. 

The idea behind this series is excellent. If, as the editors 
hope, a further series is produced, a tighter balance between 
subjects would be an advantage. 

C. S. Reilly 
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Cardiopulmonary Bypass : Current Concepts and Controversies. 
By J.H. Tinker. Published by Saunders Company, 
Philadelphia. Pp. 156; indexed. Price £30. 


This book is a production of the Society of Cardiovascular 
Anesthesiologists. It contains seven chapters involving sub- 
jects on which there 1s discussion and controversy. The first is 
Temperature and Blood Gases: The Chmcal Dilemma of 
Aad-Base Management for Hypothermic Cardiopulmonary 
Bypass and reviews the current discussion concerning “‘pH- 
stat” and “Aipha-stat” and its relationship to cellular 
funcnion. The second and third chapters could be considered 
together, as they consist of the influence of cardiopulmonary 
bypass on cerebral physiology and function and central 
nervous system complications after cardiopulmonary bypass. 
These two chapters comprise questions and answers on the 
(still) common neurological damage after cardiopulmonary 
bypass. This damage 1s discussed in relationship to aspects of 
bypass physiology and concludes that, although our knowledge 
of the physiology is increasing, the frequency of complications 
is not decreasing, despite the now greatly reduced extent of 
permanent and incapacitating cerebral damage. The fourth 
chapter, Anesthena During Cardiopulmonary Bypass: Does t 
Matter? discusses aspects of drugs used in anaesthesia and 
their effect on physiology during this period. The fifth chapter, 
Hemostasis During Cardiopulmonary Bypass, is largely a review 
of the 1988 Monograph from the Society and considers future 
problems of the artificial circulation and of haemostasis. The 
sixth chapter, Emergence from Cardiopulmonary Bypass: 
Controversies about Physiology and Pharmacology, discusses the 
problems of physiology and pharmacology of the patient about 
to come off bypass, in relation to inotropes, biochemistry, 
cardiac rhythm, vasodilator therapy and assist devices. Chap- 
ter 7, The Postperfuston Syndrome; Inflammation and the 
Damaging Effects of Cardiopulmonary Bypass, comprises a 
discussion of the adverse effects of cardiopulmonary bypass 
seen clinically in only a small number of patients. It discusses 
complement, humoral agents, their effects on the micro- 
vascular and pulmonary systems and the effect of protamine. 
The final section of this chapter deals with the reduction in the 
response during cardiopulmonary bypass and various tech- 
niques and apparatus which may be used to limit this. 

The book 1s well referenced and indexed and it reads easily. 
It raises several further questions which need to be considered; 
the most important relate to the postperfusion syndrome. This 
volume will te of value to all cardiothoracic anaesthetists, 
particularly those in training, as the presentation of different 
concepts and controversies is lucid. 

I. McLellan 
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EXTENDED GUIDE TO CONTRIBUTORS* 


Thts ts a revised version of the Extended Guide to Contributors which appeared in 
the Journal in 1978. It should be read in conjunction with the formal Guide to 
Contributors (in most issues of the Journal). It is intended to advise contributors on 
the preparation of manuscripts, particularly those who are preparing manuscripts for 


the first time. 


Aims of the Journal 

The purpose of British Journal of Anaesthesia is 
the publication of original work in all branches of 
anaesthesia, including the application of basic 
sciences. In addition, the Journal publishes 
review articles and reports of new equipment. 


Some reasons for difficulty 


There are three principal reasons for rejection 
of papers: 
(1) Bad presentation. This results from inex- 
perience in writing scientific or clinical reports. 
Various manifestations of the problem may be 
combined in one manuscript. These include: 

(a) Failure to conform to the accepted layout of 
a scientific paper (see page 130). 

(b) Failure to distinguish between jargon and 
technical terminology (see appendix). 

(c) Excessive verbosity. Most manuscripts may 
be reduced by at least 30% with advantage. 

(d) Unsatisfactory or confusing presentation of 
data in tables or figures (see pages 134, 135). 


(2) Poor Enghsh style and syntax. Although 
journals are not sympathetic to this problem in 
papers from the English-speaking countries, 
British Journal of Anaesthesia has a long tradition 
of helping authors from other countries. In- 
evitably, however, the provision of this help 
causes delay. 


(3) Poor experimental design or inadequate investi- 
gation (or both). Detailed guidance on this aspect 
is beyond the scope of the present document. 


GUTDANCE FOR THE EARLY STAGES 


Before beginning to write, analyse your objectives 
carefully. 





*Copies of this Extended Guide may be obtained from the 
Editor’s Office. 


What is the question which you have tried to 
answer? 

What message is to be conveyed? 

Do the data and your interpretation of them 
justify the message? 

It is recommended that guidance is obtained 
from colleagues experienced in research and in 
writing scientific manuscripts. 

Statistical analysts is usually an essential com- 
ponent of the process of assessing the validity and 
implications of any results presented in a paper. 
Initial statistical advice should be sought before, 
rather than after, the data have been collected. Do 
not use “‘recipes”’ for statistical analysis which 
you do not understand. Do not use the methods of 
the professional statistician unless you have a 
reasonable understanding of what they mean. 

Do not assume that figures that have been 
prepared for lantern slides will be suitable for 
publication in a journal; the dimensions of a 
lantern slide are nearly always unsuitable for the 
printed page (see below). 

Consult recent issues of British Journal of 
Anaesthesia and try to find a paper which 
conforms, in general format, to the type of 
preparation that you intend. 

Please make sure that the legal considerations 
which are noted in the formal Guide to Contribu- 
tors have been fulfilled. It is important to 
remember also that the internationally agreed 
code on the ethics of human experimentation 
(Helsinki Declaration) should be adhered to. A 
breach of this code will result in automatic 
rejection by all reputable journals. It is essential to 
state that local Institutional Ethics Committee 
approval and informed patient consent have been 
obtained, where appropriate. When studies have 
been conducted in animals, it is essential to 
indicate the appropriate Home Office Licence 
number in the United Kingdom or note that 
approval has been granted by local Animal 
Research Committees in other countries. 
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SUBMISSION OF MANUSCRIPTS 


British Journal of Anaesthesia participates in a 
uniform requirement agreement on submission of 
manuscripts (International Committee of Medical 
Journal Editors. Uniform requirements for manu- 
scripts submitted to Biomedical Journals. British 
Medical Journal 1988; 296: 401-405). 

Manuscripts must be accompanied by a cover- 
ing letter. This should include: (a) Information 
on prior or duplicate publication or submission 
elsewhere of any part of the work. Please note that 
it is unethical to submit the same complete work 
to two journals simultaneously; a clear rejection 
by an editor is required before submission to a 
second journal should be considered; (b) a 
statement of financial or other relationships that 
might lead to conflict of interests; (c) a statement 
that the manuscript has been read and approved 
by all authors; (d) the name, address and tele- 
phone number of the corresponding author who is 
responsible for communicating with the other 
authors about revisions and final proofs. 

Three copies of each manuscript (tncluding 
revised scripts) should be submitted to the editor. 
The entire manuscript should be presented as 
double-spaced typing; in the case of contributions 
from non-English-speaking countries, wider 
spacing is desirable. Ensure a wide margin (at least 
7 cm). Retain one additional copy tn case of loss. 

The typical layout of the manuscript is: ' 

Title page 
Summary, including Key Words 
Introduction (the heading “‘introduction”’ is 
not used) 
Methods 
Results 
Discussion 
Acknowledgements 
List of references 
Tables (including legends to tables) 
Legends to illustrations 
' The pages should be numbered in the top 
right-hand corner, the title page being page one, 
etc. 


Title page 


A separate page which includes the ttle of the 
paper. Titles should provide a reasonable in- 
dication of the contents of the paper. Avoid 
enigmatic or vague titles such as “A new method 
of scavenging”. Titles in the form of a question, 
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such as “Is halothane teratogenic?”’, are often 
acceptable. 

The title page should include the name(s), 
address(es) and qualifications of author(s). It 
should be made clear which address refers to 
which author. An author’s present address, differ- 
ing from that at which the work was carried out, 
or special instructions concerning the address for 
correspondence, should be given as a footnote on 
the title page and referenced at the appropriate 
place in the author list by superscript symbols (*, 
+, E, $, ||, @. If the address to which proofs should 
be sent is not that of the first author, clear 
instructions should be given in a covering note, 
not on the title page. 

A short running title containing not more than 
50 characters (including spaces) should be in- 
cluded. 


Summary 


This should appear on the second sheet and 
should be presented as one paragraph in 50-150 
words. In many respects the summary is the most 
important part of the paper because it must 
convey to the reader the broad objectives of the 
enquiry, the principal findings.and the essential 
conclusions. Although the reasons for the investi- . 
gation may be stated, it is not necessary to give an 
extensive review of the precedents. Give the 
methods of study, in outline only, together with 
the principal positive findings and any important 
negative findings. Numerical data and probability 
values should be presented sparingly. List the 
main conclusions, but the implications of the 
conclusions and the more complex issues of 
the discussion should not be included. Statements 
such as “the significance of these results is 


- discussed” are unhelpful.: Only in exceptional 


circumstances is it appropriate to cite references. 
Abbreviations, other than the standard abbrevia- 
tions (see below), should appear in the summary 
only after the term has been defined, and only if 
the term is to be repeated in the summary. In such 
circumstances, the term should be given once 
again in full in the text, with the abbreviation (in 
parentheses) following. 


Key Words ` 

Three to five key words should be included on 
the summary page under the heading KEY WORDS. 
The system used by the Journal follows closely 
that devised by Greene (see Key Words in 


EXTENDED GUIDE TO CONTRIBUTORS 


Anesthesiology, ed. Greene NM, 3rd Edn. Amster- 
dam: Elsevier, 1988). 


Introduction 


The introduction should give a concise account 
of the background of the problem and the object 
of the investigation. Previous work should be 
quoted only if it has direct bearing on the present 
problem. For example, a description and evalu- 
ation of a system for scavenging anaesthetic gases 
from an operating theatre need not include an 
account of the previous literature of the problems 
of operating theatre contamination by anaesthetic 
gases and the many studies of morbidity, etc. 
which may or may not be associated with such 
contamination. As a rule, the introduction to a 
- paper should not require more than about 200 
words. 

If a preliminary account of the results has been 
given in a published abstract, it is customary to 
refer to this. 


Methods 


The title of this section may be “methods”’, 
“materials and methods” or “patients and 
methods”. Under no circumstances should the 
terms “‘patients’’ and “materials”’ be regarded as 
interchangeable. While brevity is essential, the 
methods must be described in sufficient detail to 
allow the experiment to be interpreted, and 
repeated if necessary, by the reader. Previously 
documented standard methods need not be re- 
counted in detail, but appropriate reference to the 
original should be cited. Sometimes detailed 
laboratory techniques may be filed separately in a 
recognized library and a note to this effect given in 
the manuscript. Where measurements are made, 
an indication of the error of the method in the 
hands of the author should be given. The name of 
the manufacturer of instruments used for measure- 
ment should be’given. with an appropriate cata- 
logue number or-instrument identification (e.g. 
Radiometer PHM.-7). When a manufacturer is 
unlikely to be known to readers of the Journal, the 
address should be provided also. In the case of 
solutions for laboratory use, the methods of 
preparation and precise concentration should be 
stated. 


Drugs. When a drug is first mentioned, it should 
be given by the generic or official name followed 
by the chemical formula in parentheses, only if the 
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structure is not well known, and (if relevant) by 
the proprietary name (with an initial capital 
letter). A figure giving the molecular configuration 
of the drug is necessary only in the case of the 
earliest reports of a new drug. The author should 
indicate in an accompanying note to the editor the 
source from which he has obtained the molecular 
configuration ; it is an important requirement that 
the author should check the accuracy of the 
configuration in every detail. Drug dosages are 
normally given by the name of the drug followed 
by the dose (e.g. diazepam 0.1 mg kg™). 


Where the programme of research is complex such 
as might occur in a cardiovascular study in 
animals, it may be preferable to provide a table or 
figure to illustrate the plan of the experiment, thus 
avoiding a lengthy explanation. 


Pattents. Data on the age (or age range), weight, 
sex, height, criteria for selection, etc. should be 
presented, with an indication of the general state 
of health and type of operation being undertaken. 
Although it 1s usually possible to make such a 
statement in a short paragraph, a more complex 
presentation of information may be preferable as 
a table. At all times, however, it should be 
remembered that tables and figures are expensive 
to produce and. should not be incorporated 
unnecessarily., Where it has been necessary to seek 
permission from the patients for the type of study 
being undertaken, this.should be indicated. 


Anaesthesia. Descriptions of methods of an- 
aesthesia are often unnecessarily cumbersome. 
The following model is presented as an example 


of economy of words: 


The patients were premedicated with either 
morphine 10 mg and atropine 0.6 mg (group A) 
or diazepam 10 mg (group B), both given 1h 
before operation. Anaesthesia was induced with 
thiopentone [give rate of injection where appro- 
priate], in a dose sufficient to abolish the 
eyelash reflex. Suxamethonium 80mg was 
given to facilitate orotracheal intubation with a 
cuffed tube. Anaesthesia was maintained with 
0.5-1.0% halothane, in 60% nitrous oxide in 
oxygen, the patient breathing spontaneously 
from a Magill system. 


Statistical analysis. Statistical methods must 
be described with enough detail to enable a 
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knowledgeable reader with access to the original 
data to verify the report and results. Where 
possible, findings should be quantified and pre- 
sented with appropriate indicators of measure- 
ment error or uncertainty (such as confidence 
intervals). Confidence intervals provide a more 
informative way to deal with a significance test 
than a simple P value. 

Additional guidance on statistics may be ob- 
tained from Guidelines for Statistical Reporting 
in Articles for Medical Journals (Bailar JC, 
Mosteller F. Annals of Internal Medicine 1988; 
108 : 266-273). 


Results 


Description of experimental results should be 
concise. Data should not be repeated unneces- 
sarily in text, tables and figures, and unwarranted 
numbers of digits should be avoided. It is not 
usually necessary to provide all the data which 
were derived in a complex study, and only those 
values which are essential to the communication 
should be entered. However, results should be 
presented in a manner so that the reader can check 
the statistical inferences. If the data are so large 
that this is not possible, the editor must be sent a 
full set with the submission of the original 
manuscript and the readers should be informed as 
to where they can obtain a similar full set of 
results. As a rule the following general approach 
should be adopted: 


(1) Prepare all the data in the form of tables. 

(2) Decide which data are to be presented in the 
communication. 

(3) Can the essential data be presented succinctly 
in the text? If not, the essential tables or 
simplified tables should be prepared. 


Tablés are important communications and 
should be accompanied by a legend which renders 
the table self-explanatory. However, the legend 
must not incorporate experimental details, which 
should be sited more appropriately in the methods 
section. 

Graphs and histograms based on the results 
should be considered only in the following 
circumstances: 

(1) where a figure will present the data more 
clearly than is possible in a table. 

(2) when an important trend or comparison has to 
be made and for which a graphic presentation 
is clearly superior to a table or text. 


For-more, detailed guidance on the format of 
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presentation of results, the reader is referred to 
previous issues of the Journal. A common 
example, however, occurs in the case of a 
comparison of the findings in two groups of 
patients who have been treated with different 
drug regimens. The following example is based 
on a manuscript submitted, with the permission 
of the authors: 


First draft 
There were 43 patients in the pethidine group 
and 41 in the morphine group. Table II shows 
that the two drug groups were evenly matched 
in terms of age, weight and duration of 
operation. 

Sixty to ninety minutes after the injection, 
there was a reduction of anxiety score of 2.9 
points in the pethidine group (highly significant 
P < 0.001) and a reduction of 1.3 points in the 
morphine group (significant P < 0.01). The 
difference in the magnitude of the reduction of 
anxiety between the two groups was not 
statistically significant. Both groups showed a 
further significant reduction to normal in the 
anxiety rating when tested again 24 hours after 
the operetion. 

Twenty-four hours post-operatively each 
patient was asked if she recalled seeing any 
picture cards before the operation. Only 12 out 
of 43 pethidine patients (28 %) could remember 
all three pictures, while 27 out of 40 morphine 
patients (68%) were able to recall all three 
picture cards (Table III). This indicates a 
significantly greater incidence of amnesia with 
pethidine than with morphine (P < 0.01) using 
this test. This persisted for 24 hours in three 
pethidine and five morphine patients. 

Local erythema was present in twelve pethi- 
dine patients and in ten morphine patients 
ninety minutes after injection. This disappeared 
in the pethidine patients but was still present in 
the ten morphine patients twenty-four hours 
after surgery (P < 0.01). 


Second version 


Forty-three patients received pethidine and 41 
received morphine. The groups were similar in 
respect of age, weight and duration of operation 
(table ID). Sixty to 90 min after injection there 
was a mean reduction of anxiety score of 2.9 
following pethidine (P < 0.001) and 1.3 fol- 
lowing morphine (P < 0.01). The difference 
between the two groups was not significant. 
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Both groups showed a further significant re- 
duction to the normal range when tested 24h | 
after the operation. 

Twenty-four hours after operation each. 
patient was asked if she recalled seeing any 
picture cards before operation. Only 12 of 43 in 
the pethidine group (28 %) could recall all three 
pictures, compared with 27 of 40 in the 
morphine group (68%) (P < 0.01) (table IIT). 
This persisted for 24h in three patients in the 
pethidine group and five in the morphine group. 
Ninety minutes after injection, local erythema 
was present in 12 of the pethidine group and 10 
of the morphine group. This was still present 
24h after surgery only in the 10 who had 
received morphine. 


In the results section there should be no attempt 
at a discussion of the findings. 


Discussion 

This requires discipline by the writer for two 
reasons: first, he may feel that his task is nearly 
completed and that he is subject to fewer 
constraints ; second, many authors seem to wish to 
read into their data more than is actually there. 
The form of a discussion should normally follow 
these headings: 
(1) Summary of the major findings. 
(2) Qualifying remarks in relation to these find- 
ings; for example, mention any important 
uncertainties in the methods of measurement. 
Succinct comparison of the present data and 
relevant data from previous studies. 
Deductions—which may explain important 
differences between the data of the present 
study and the data of previous studies. 
Conclusions from the present study. The 
original contribution to knowledge from the 
present study is stated. 
The implications of the conclusions for 
anaesthetic practice and the indications for 
further enquiry in this area of interest. 


Authors should remember at all times, but 
especially in writing the discussion, that they will 
spoil their manuscript by excessive length. A 
discussion extending to more than three typed 
sheets should alert the writer to the possibility that 
he has departed from the rules. 


(3) 
(4) 


(5) 


(6) 
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References 


Except for review articles, long lists of refer- 
ences are usually inappropriate. Restrict refer- 
ences to those that have direct bearing on the work 
described and cite only references to books and 
articles published in Index Medicus journals. 

References must be numbered consecutively in 
the order in which they are first mentioned in the 
text, with the exception of review articles, when 
references should be arranged alphabetically in 
the reference list and numbered accordingly in 
both list and text. 

References in text, tables and legends should be 
identified by arabic numbers appearing in the text 
in square brackets (not superscript). 

Use the style of references adopted by the U.S. 
National Library of Medicine and used in Index 
Medicus. The titles of journals must be given in 
full. 

Papers which carry .a different system of 
reference will be returned to the author for re- 
typing. The scope for major printer’s errors in 
attempting to rectify inappropriate schemes is 
considerable. 


References in the text. If it is considered essential 
to cite names of the authors of a study in the text 
(in addition to the identifying number), up to 
three names should be cited (A; B and C; D, E 
and F). In the case of four or more authors, “G 
and colleagues’’,.“‘G and co-workers”, “G and 
others ” are acceptable. The expression “‘et al.” is 
never used, 

An informal reference to previous work (Z’s 
study or Y’s study) is permissible only in a 
paragraph which contains the reference cited 
formally. 

Text references to “unpublished observations ”’ 
or “‘personal communications” should not be 
included in the final list of references. Personal 
communications should be cited in the text as: 
[Brown AB, personal communication]. Authors 
are responsible for verifying that the wording of 
references to unpublished work is approved by 
the persons concerned. 

Papers which have been submitted and accepted 
for publication should be included in the list, the 
phrase “in press”? replacing volume and page 
number. Authors should be prepared to give the 
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volume and page number at the time of proof 
correction. 

Information from manuscripts submitted but 
not yet accepted should be cited in the text as 
unpublished observations. 


There should be a table of references at the 
conclusion of the paper, commencing on a new 
sheet. It should be prepared as follows. The 
names and initials of all authors and/or editors 
should be listed. The expression “et al.” is never 
used. 


Fournals (list all authors). Names and initials of 
all authors, title of paper, title of journal in full, 
year of publication, volume number, first and last 
page numbers: 


Brown BR jr, Gandolphi AJ. Adverse effects of volatile 
anaesthetics. British Journal of Anaesthesia 1987; 59: 14-23. 


Monographs. Name of author and initials, title 
of book (underlined), number of edition, town of 
origin, publisher, year of publication, first and last 
page numbers (if relevant): 


Moore DC. Regional Block, 4th edn. Springfield, Illinois: 
Charles C Thomas, 1979. 


Chapter in a book. The reference for an article 
forming part of a book should take the form: 
Hull CJ. Opioid infusions for the management of post- 


operative pain. In: Smith G, Covino BG, eds. Acute Pain. 
London: Butterworths, 1985; 155-179. 


It is a serious error to include in the list of 
references items which are not accurate. It is 
essential, therefore, that authors check the ac- 
curacy of all references which have been listed. It 
is important also to check that the references 
listed do indeed appear in the text and vice versa. 


Preparation of tables 


All tables should be on separate sheets and 
accompanied by legends which should be in- 
formative but brief and not contain information 
which is more appropriate to Methods. The tables 
should be numbered consecutively with Roman 


. numerals. Units in which results are expressed 


should be given in parentheses at the top of each 
column and not repeated in each line of the table. 
Ditto signs are not used. Avoid overcrowding of 
tables and the excessive use of words. The format 
of tables should be in keeping with that normally 
used by the Journal; in particular, vertical lines 
should not be drawn. Please be certain that the 
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data given in tables are correct, as changes at the 
proof stage are particularly expensive. 


Illustrations and figures 


Photographs should be unmounted glossy 
prints and should be protected adequately for 
mailing. Surfaces should not be marred by clips, 
pins or heavy writing on the back of the 
photograph. 

Drawings, charts and graphs should be in black 
India ink on white paper and, if in sets, should be 
presented at uniform magnification. Illustrations 
should be clearly numbered on the back, pref- 
erably in soft pencil, with reference to the text and 
using Arabic numerals. Each figure should be 
accompanied by a suitable legend. 
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Fic. 2. Changes m plasma concentration of LH during and 
after ketamine anaesthesia (Anaes.) and surgery (Op.|...7). RR 
= Recovery room, about 4h after induction of anaesthesia 


EXAMPLE 


Lettering should be professional-looking, uni- 
form and in a common type face (preferably 
Univers or Helvetica). The type size of the 
lettering, which should be in proportion to the 
illustrated material, should be such that it will 
reduce to about 8-point, that is the type size of 
figure legends in the British Journal of Anaesthesia 
(see example). For publication, illustrations are 
reduced to single column width (or, in occasional 
cases of particularly complex diagrams, to widths 
between single and double column), 

It should be borne in mind that reduction of 
figures results in an accompanying reduction in 
boldness (thickness) of all parts of the figure. It is 
thus inappropriate to use a variety of boldness of 
axes, graph lines and lettering in one figure, or to 
present a figure drawn to a large scale in fine lines 
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and with small, fine lettering. The typewriter line 
thickness of computer printouts to A4 size is thus 
to be avoided. The problem of computer-pro- 
duced diagrams may be obviated by programming 
the computer to produce a diagram. of the same 
size as that of the final published diagram or, 
alternatively, to produce lines and lettering of 
large thickness so that photoreduction results in 
the appropriate size. 

Care should be taken that the labelling of axes 
does not extend the dimensions of the figure 
substantially. Avoid suppression of the zero point 
(the axes may be broken (//) if required). (See 
also Units, symbols and abbreviations below.) 

The foregoing advice, which may not be 
completely intelligible to many authors, will be 
understood by a professional illustrator whose 
advice should be sought in most circumstances. It 
should be emphasized that the dimensions of a 
figure prepared for a lantern slide are often 
unsuitable for reproduction on the printed page. 
Symbols which are to appear in the legend should 
be chosen from the following available types: 


@®omBUVVAA@CSO x + 


Magnifications, especially in photomicrographs, 
should be indicated on the photograph itself by an 
unlabelled scale bar which would remain ap- 
propriate after reduction. Indicate in the legend the 
length of the bar. 

Accuracy in the preparation of figures is 
essential as is the appropriate use of symbols and 
abbreviations (see below), as alteration to figures 
or the re-drawing of them by the publisher is an 
expensive matter and the cost may have to be 
borne by the author. 

Never despatch figures or photographs unless a 
suitable version has been retained on file which 
may be copied easily in the event of loss. 


Units, symbols and abbreviations 


British Fournal of Anaesthesia, in common with 
other journals in the United Kingdom and many 
other countries, uses the S.I. system of units with 
a few notable exceptions (pH and intravascular 
and ventilatory pressure measurements, which 
should be given in the units of calibration, e.g. 
mm Hg, cm H,O). Blood-gas tensions and the 
partial pressures in the gas phase should be given 
in the appropriate S.I. unit (kPa for kilopascal). It 
is not intended to give a detailed account of the 
S.I. system, the notation of units, symbols and 
abbreviations in this document. Readers are 
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referred to Units, Symbols and Abbreviations. A 
Guide for Biological and Medical Editors and 
Authors, 4th Edn. Baron DN, ed. (1988), pub- 
lished by and available from the Royal Society 
of Medicine, | Wimpole Street, London WIM 
8AE. 

Particular problems have arisen in relation to 
the notation of units which was introduced at the 
same time as the change to the S.I. system. Avoid 
the use of the solidus (/) in favour of various units 
of the expression set on one line. In the case of 
expressions “below the line” superscript ~1, ~$, 
etc. as appropriate is given. Thus for drug dosage 
we write: 

mg kg” 


A Guide for Biological and Medical Editors and 
Authors (Baron, 1988) lists also the abbreviations 
which may be used by authors without previous 
definition of their meaning. As noted above, all 
other abbreviations must be defined, once in the 
summary and once in the text. 

In addition, the *‘Pappenheimer”’ system of 
abbreviations of respiratory terms (Pappenheimer 
JR, Comroe JH, Cournand A, Ferguson JKW, 
Filley GF, Fowler WS, Gray JS, Helmholtz HF, 
Otis AB, Rahn H, Riley RL. Standardisation of 
definitions and symbols in respiratory physiology. 
Federation Proceedings 1950; 9: 602-605) is ac- 
ceptable without definition. 


Further reading for authors 


While it is hoped that this extended guide to 
contributors will be of value to those writing for 
British Journal of Anaesthesia, it should not be 
regarded as comprehensive instruction for those 
preparing manuscripts. A number of simple texts 
and papers have been prepared on this subject and 
it is essential that the author preparing his first 
manuscript should avail himself of these. We 
commend particularly Professor Hugh Dudley’s 
book entitled The Presentation of Original Work in 
Medicine and Biology, published by Churchill 
Livingstone in 1977. In addition, we recommend 
that authors should be familiar with Eric Part- 
ridge’s Usage and Abusage—A Guide to Good 
English, published by Hamish Hamilton in several 
editions. Sir Ernest Gowers’ The Complete Plain 
Words, revised by Sir Bruce Fraser, is published 
by Penguin Books and is a treasure-house of 
common sense in writing. In the matter of 
spelling, British Journal of Anaesthesia follows the 
Shorter Oxford English Dictionary. 
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APPENDIX 


(This list is representative of the errors and unacceptable usage 
which occur commonly.) 


Astrup——this 1s not a collective term for methods of blood~gas 
measurement. 

Blood-gases—specify carbon dioxide, Pco,, etc. 

Blood pressure—avoid this term in favour of arterial pressure, 
etc. Specify mean, systolic, diastolic. 

Case—this should not be regarded as interchangeable with the 
term “patient”. An account of the management of a patient 
may be referred to as a “‘case history” or “‘case report”, 

Chrome bronchitcs—avoid this expression when you mean 
patients with chronic bronchitis. 

Compared—compaered with is usually preferable m scientific 
wrinng. Compared to has a less specific connotation, 
although often used correctly by poets. 

Data—plural. 

Due to-—avoid unless in the description of a financial debt 
Because of and as a result of are preferable. 

Employed—prefer used. 

Fall and Rtise—avoid these expressions which suggest a 
gravitational influence. Decrease or reduction and increase are 
preferable. 

Groups-—avoid expressions such as “thiopentone patients” 
and ‘“‘cholecystectomy patients” in favour of “patients 
receiving thiopentone” and “panents undergoing chole- 
cystectomy”. It is permissible, however, to refer to the 
“thiopentone group” or “cholecystectomy group”. 

High and Low—avoid if you mean large and small. 

Incidence—this refers to the proportion of a defined group 
developing a condition within a stated period. Frequency is 
the number of subjects (expressed usually as a percentage) 
with a condition. Prevalence 1s frequency at one point in 
time. 

Length (of time)}—~prefer duration. 

Level—avoid in favour of concentration. 
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Multiple adjectives—avoid using an adjective in apposition to a 
noun, e.g. “‘concentration of sodium” is preferable to 
“sodium concentration”. 

Postoperatively and preoperatıively—prefer after operation or 
before operation. 

Postoperative (preoperatrve) treatrnent—acceptable. 

Protocol—this word has connotations which are chiefly 
concerned with diplomacy. The word should not be used to 
describe a scheme of study in an experiment. The term 
programme is to be preferred. 

Relaxants—avoid in favour of “‘myoneural blocking drugs”, 
“‘myoneural blocker”, “neuromuscular blocker”. 

Rotameter—note capital letter. 

Scopolamme (and Omnopon)—use official terms, Ayoscine and 
papaveretum. 

Showed—prefer was present or occurred. 

Significant—avoid expressions such as “highly significant” or 
“very highly significant”, in favour of sigmficant with a 
probability value in brackets. 

Sleep-dose—this 18 vague. Prefer a dose sufficient to obtund the 
eyelash reflex, etc. 

Stable (of measurements)—prefer unchanged or virtually 
unchanged. 

Suxamethonium—not succinylcholine or Scoline. 

Tefion—note capital letter. 

Tendency to change—changed. 


It 18 important to avoid conversational expressions such as: 


“the patient was ventilated ” (the lungs were ventilated) 

“the patient was intubated” (the trachea was intubated) 

“the patient was placed on a ventilator” (ventilation was 
controlled artificially) 

“the patient was taken off the ventilator” or “the patient 
was weaned from the ventilator” (artificial ventilanon was 
discontinued) 

“the patient was extubated” (the tracheal tube was 
removed), 


“I would have everie man write what he knowes and no more.”—-MONTAIGNE 


BRITISH JOURNAL 


OF ANAESTEESIA 





VOLUME 64, No. 2 


FEBRUARY 1990 





EDITORIAL 


IMPROVING THE MANAGEMENT OF MAJOR TRAUMA 


Accidental injury is a major health problem in 
developed countries. In the United Kingdom the 
death rate from accidental trauma is approxi- 
mately 14000 per annum. Injury is the principal 
cause of hospital admission for those younger 
than 35 years of age; the attendant death and 
disability amongst this young, productive section 
of the population has serious economic conse- 
quences. Despite this, the management of trauma 
in the United Kingdom is relatively neglected. In 
the U.S.A., trauma has been recognized as a 
specific disease and a major health problem. From 
the U.S.A. there is substantial evidence, con- 
firmed repeatedly, that injured patients die un- 
necessarily, both before and after admission to 
hospital. 

The Royal College of Surgeons of England 
Working Party reported on the Management of 
Patients with Major Injuries in November 1988; 
it has highlighted similar deficiencies in the care 
of the seriously injured in the U.K. [1]. Recom- 
mendations were made on the development of the 
accident services, with particular regard to such 
patients, and these are of interest to all anaes- 
thetists, with potential changes in the staffing of 
acute services and in the nature of anaesthetic 
training. 

In the U.K., accident services have evolved ina 
haphazard way. Some centres have specialized in 
the management of trauma: for example, the 
Birmingham Accident Hospital. Many attempts 
have been made to rationalize services and in 1971 
the United Kingdom Joint Consultants Com- 
mittee recommended the designation and in- 
troduction of consultants in Accident and Emerg- 
ency (A & E) Medicine [2]. These appointments 
have brought an undoubted improvement in the 
service; there are now 200 consultant posts with 
trainee support. However, the U.K. still does not 
have an organized trauma care system and, as up 
to 30 % of seriously injured patients admitted to A 


& E departments of both district general hospitals 
and teaching hospitals die of potentially treatable 
causes, it is obvious that these improvements have 
not gone far enough. Since 1970, West Germany 
has had a fully integrated system of trauma care, 
with impressive prehospital care and hospitals 
designated for the care of the seriously injured 
patient. Between 1970 and 1982 the death rate 
from motor vehicle accidents in West Germany 
decreased by 25% and it has been suggested that 
this saving of lives has been effected largely by 
improved trauma care [3]. 

Although it had been recognized before the 
Working Party reported that ther2 were de- 
ficiencies in the service, previously there had been 
no formal audit of either the incidence of, or the 
outcome from, major trauma in the J.K. In the 
U.S.A., the Committee on Trauma of the 
American College of Surgeons has been collecting 
information since 1982 on injured patients in 
order to measure individual outcome against a 
predicted norm in the Major Trauma Outcome 
Study (MTOS) [4]. The Royal College of Sur- 
geons Report cited three audits of the outcome of 
major injury; a retrospective and a prospective 
study both commissioned by the Wozking Party, 
and an independent prospective study. 

In the retrospective study, four assessors (three 
surgeons and one accident and emergency con- 
sultant) examined the records of 514 injured 
patients who died after admission to hospital. All 
four assessors considered that, if these patients 
had been admitted to a fully staffed ard equipped 
Trauma Centre, 102 (20%) would have survived. 
A prospective study, undertaken on tehalf of the 
working party, looked in detail at the outcome of 
150 patients admitted to four hospitals, using the 
TRISS index to assess severity of injury and 
probability of survival [5]. Ten died despite a 
probability of survival of greater than 50% and no 
patient survived with a probability of survival less 
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than 50%. A highly significant finding in this 
study, in line with the findings of the Confidential 
Enquiry into Perioperative Deaths (CEPOD) was 
the lack of senior involvement with these emerg- 
ency patients [6]. Only 8% of patients were seen 
by a consultant on the day of injury. Of the 71 
patients who underwent surgery, a consultant was 
present in only four instances. 


An independent, largely prospective study 


compared the outcomes of injured patients treated 
in a single District General Hospital and a single 
Teaching Hospital [5]. In both hospitals, patients 
with a high probability of survival died, but in the 
teaching hospital there were unexpected sur- 
vivors. Factors common to unexpected survival 
were rapid direct transfer from the scene of the 
accident to hospital, resuscitation under direct 
consultant supervision on arrival, rapid exclusion 
of intracerebral damage by C.T. scanning, early 
definitive surgery and meticulous care in an 
Intensive Care Unit. 

The report produced recommendations fo- 
cused on two main areas: the need for improved 
immediate care and transport before admission to 
hospital and the need to concentrate compre- 
hensive expertise and facilities for the seriously 
injured in major trauma centres. 

The prehospital care of the seriously injured in 
the U.K. is at present based on local ambulance 
personnel, assisted in some areas by doctors, 
usually general practitioners, in immediate care 
schemes. All involved know that prehospital care 
and transportation are of varying quality. Speci- 
ally trained ambulance personnel for the seriously 
injured, perhaps along the lines of the paramedical 
services used in the U.S.A., Israel and Australia, 
were recommended, although their impact has 
never been formally assessed. They should have 
the support, advice and, where necessary, the 
presence of the medical staff involved in the care 
of the injured. The routine presence of medical 
staff in these ambulances, as happens in some 
European countries, notably Germany, was not 
considered necessary, although medical involve- 
ment in the training of ambulance personnel 
and the organization of the ambulance service 
should be much greater in the United Kingdom as 
occurs, for example, in France. Greatly improved 
radio communication from those at the accident 
site to the hospital preparing to receive the patient 
would save valuable time. Helicopters are used 
effectively for rapid transport in France, U.S.A. 
and Canada. In West Germany, the helicopter 
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system is the main focus for prehospital care, with 
extremely rapid response and transport times and 
provides a very cost-efficient service [3]. Despite 
acknowledged limitations, with difficulty in access 
in some situations, their use in accident services in 
Britain merits further research and evaluation. 
The centralization of the management of the 
seriously injured in Trauma Centres was con- 
sidered to be of paramount importance in order to 
provide a comprehensive range of expertise and 
facilities. In England and Wales there are cur- 
rently 212 A & E departments, receiving more 
than 20000 new patients a year, and 258 A & E 


‘departments receiving fewer patients. As only 


0.5% of patients attending A & E have multiple 
injuries, each individual department may have 
relatively limited experience of treating such 
patients. In order to centralize the treatment of 
those most seriously injured, whilst continuing to 
provide the bulk of care relatively locally, the 
working party recommended two tiers in the 
provision of services for the injured. The concept 
of tiers in the provision of trauma services is 
recommended by the American College of Sur- 
geons Committee on Trauma and already in 
operation successfully in some states in the U.S.A. 

The first type of provision would be at the 
district hospital with an A & E department, an 
Intensive Care Unit and consultants in emergency 
medicine, general surgery and orthopaedics avail- 
able. It was recommended that there should be 
one such facility developed for each N.H.S. 
district (population 150000-200000), able to’ 
provide a full service for injured patients with an 
injury severity score of 20 or less, so encompassing 
the majority of injured patients. Smaller A & E 
departments should be closed, although isolated 
communities may need a service for minor injuries 
provided by general practitioners working along 
strict guidelines agreed with the A & E de- 
partment of the district hospital. The manage- 
ment of patients with major damage to thoracic or 
abdominal viscera, severe head injury or complex 
skeletal injury should be centralized in the 
Trauma Centre, one for every 2 million of the 
population. Access to the Trauma Centre should 
be either direct from the accident site, or by 
specialized interhospital transfer. The Trauma 
Centre would require appropriate accommo- 
dation, separate from, but in association with, the 
Accident and Emergency Department. Resusci- 
tation areas should be equipped sufficiently to 
allow a full range of emergency procedures to be 
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performed. A 24-h fully staffed and dedicated 
operation room should be available, with com- 
prehensive diagnostic, imaging and laboratory 
services. It is proposed that these centres be 
staffed by immediately available consultants in 
general surgery, orthopaedics, anaesthetics, 
emergency medicine and intensive care. Con- 
sultants in specialties such as neuro and cardio- 
thoracic surgery, should be readily available. 
This trauma team must be available round the 
clock, to deal with the injured patient immedi- 
ately. The working party proposed sufficient 
staffing for three separate teams, each headed by a 
designated team leader who can direct the overall 
management of the patient requiring the care of 
more than one specialist. This model, derived 
from experience mainly in Europe and North 
America, would provide a suitable framework for 
the development of trauma care systems in most 
countries, with minor modifications to suit local 
demography. 

Clearly, the seriously injured in the U.K. are 
not being managed in the best possible manner. If 
the working party’s recommendations are to be 
implemented, there are considerable organi- 
zational, manpower and financial implications. 
While there have been demographic problems in 
the organization of Trauma Centres in the states 
of the U.S.A. with sparse and widespread popu- 
lations, this should not be a significant problem in 
Britain, with its densely populated areas and 
smaller overall distances. However, the Trauma 
Centres will require additional funding to operate 
in the manner recommended in the report. There 
will have to be further consultant expansion to 
staff the Trauma Centres and consideration will 
have to be given to the expansion of Intensive 
Care Services and staffing in hospitals designated 
as Trauma Centres. Some of this might be 
recouped from the savings following the closure 
of small accident and emergency departments. 
The resultant saving in lives and skills will in 
itself save money. While mentioned in the report, 
prevention of accidents is not discussed in detail. 
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Measures to improve safety, legislation and public 
education could clearly save lives and money. 

Training and research in trauma care have been 
neglected in the U.K. Research in trauma related 
subjects at present accounts for only 2% of 
M.R.C. research grants—slightly less than the 
grants allocated for research into anaesthetic 
agents. Mental health receives 8 % and cancer 7 % 
of M.R.C. research grants. The working party 
considered this inadequate for such a major health 
problem. There must also be a formal system of 
audit of the treatment of the seriously injured in 
oo to develop the service further along rational 

es. 

While welcoming the use of medical audit, the 
government has been half-hearted in responding 
to the report. The media have focused on the use 
of helicopters, a minor part of the report. Clearly, 
the recommendation for closure of small Accident 
and Emergency Units has major political ramifi- 
cations and would be resisted by a section of the 
community. It is worrying that we may lose this 
opportunity to develop a fully integrated trauma 


‘care system and save lives. 


Colette Clark 
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STUDY OF THE POSSIBLE INTERACTION BETWEEN 
FENTANYL AND PROPOFOL USING A COMPUTER- 
CONTROLLED INFUSION OF PROPOFOL 


J. DIXON, F. L. ROBERTS, R. M. TACKLEY, G. T. R. LEWIS, 
H. CONNELL AND C. PRYS-ROBERTS 


SUMMARY 


A computer-controlled infusion of propofol 
designed to achieve a target blood concentration 
of propofol 3 ug mF’ was used to investigate the 
possibility of an interaction between propofol 
-and fentanyl in 32 patients undergoing body 
surface surgery. In 16 patients who were not 
receiving a neuromuscular blocker during main- 
‘tenance anaesthesia with 67% nitrous oxide, 
there were no significant differences in blood 
concentrations of propofol between eight 
patients who received fentanyl 5 ug kg™' before 
induction of anaesthesia, and eight patients who 
did not. in a further 16 patients who received 
vecuronium during maintenance anaesthesia 
with 67 % nitrous oxide, there were no significant 
differences in blood propofol concentrations 
between eight patients who received fentanyl 
5 ug kg" before induction of anaesthesia, and 
eight patients who did not. Fentanyl adminis- 
tered i.v. immediately before a computer-con- 
trolled infusion of propofol resulted in more 
satisfactory anaesthetic conditions than when 
fentanyl was not used, but did not significantly 
prolong the recovery time. 


KEY WORDS 


Anaesthetics i.v.: propofol. Analgesics: fentanyl. Pharmaco- 
kinetics: interaction. 


During the evaluation of propofol in its earlier 
formulation in Cremophor EL, it appeared that 
administration of fentanyl 5 ug kg! before in- 
duction and maintenance of anaesthesia with 
propofol resulted in higher blood concentrations 
of propofol than when the same infusion scheme 
was used in patients who had not received fentanyl 


[Prys-Roberts C, Adam HK, unpublished obser- 
vations]. Two other studies also suggested that 
pretreatment with fentany] caused an interaction 
with either etomidate [1] or propofol [2]. Both 
these studies concerned pharmacokinetics after a 
single dose of etomidate or propofol, and pur- 
ported to show reduced clearance of each agent 
following fentanyl. 

The present study was designed to investigate 
possible pharmacokinetic interactions between 
fentanyl and propofol, first in patients undergoing 
artificial ventilation without the use of neuro- 
muscular block, and second in those who received 
vecuronium during anaesthesia with artificial 
ventilation. 

In order to achieve stable blood concentrations 
of propofol within 5 min of induction of an- 
aesthesia and maintain constant concentrations 
thereafter, we used a computer-controlled in- 
fusion scheme [3]. Using such a scheme, designed 
to achieve and maintain a predetermined blood 
concentration of propofol 3 ug ml, we antici- 
pated that any difference in clearance or volume of 
distribution of propofol resulting from a 
pharmacokinetic interaction would result in 
significantly different blood concentrations be- 
tween the groups throughout the infusion period. 
Conversely, an insignificant difference in blood 
concentrations of propofol between groups of 
patients given fentanyl, and those who were not, 
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FENTANYL-PROPOFOL INTERACTION 
would imply absence of pharmacokinetic 
interactions. 


PATIENTS AND METHODS 


Two studies, each approved by the District Ethics 
Committee and the Committee on Safety of 
Medicines, were performed sequentially. 

In the first study 16 patients (ASA I or IT) aged 
20-63 yr, scheduled to undergo body surface 
surgery (inguinal herniorrhaphy, varicose vein 
surgery), were allocated randomly to receive 
either morphine 0.15 mgkg`™ i.m. 1h before 
induction of anaesthesia (group 1), or temazepam 
20-30 mg orally, 90 min before anaesthesia (group 
2). Those patients who received temazepam 
premedication were given fentanyl 5 ug kg? i.v. 
immediately before induction of anaesthesia. 
Patients in both groups received an infusion of 
propofol, delivered by a volumetric infusion pump 
(IMED 929) driven from the user port of a BBC 
microcomputer, using an algorithm based on 
three-compartment pharmacokinetic analyses of 
propofol administered as a single dose [4], or as an 
infusion [5]. This system [3] has been shown to 
achieve rapidly and consistently a predetermined 
blood concentration of propofol (3 ug ml) which 
is sufficient to induce anaesthesia and, in com- 
bination with nitrous oxide, to maintain an 
adequate anaesthetic state. Tracheal intubation 
was performed a few minutes after the start of the 
propofol infusion following suxamethonium 1 mg 
kg-t. The patients lungs were ventilated with 
67 % nitrous oxide in oxygen for the duration of 
the infusion anaesthesia using an Oxford—Penlon 
ventilator set to deliver a tidal volume of 10-15 ml 
kg! into a circle system without a soda-lime 
absorber. Fresh gas flows into the system were 
adjusted to maintain an end-tidal Pco, of 5.0-5.2 
kPa (measured by a Gould capnometer). Patients 
in both groups were given inhalation anaesthetics 
(halothane or isoflurane) for periods of less than 
5 min if coughing or movement in response to 
surgical incision occurred. 

In a second study, 16 patients of similar age and 
ASA classification received temazepam 20-30 mg 
as premedication. Anaesthesia was induced and 
maintained with a computer controlled infusion 
of propofol in the same way as for groups | and 2, 
but neuromuscular block was maintained 
throughout surgery with vecuronium 1 mg kg! 
and supplementary doses as required. Patients 
were allocated randomly to receive fentanyl 5 pg 
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kg! with induction of anaesthesia (group 3) or to 
receive no fentanyl (group 4). At the end of 
surgery, any residual neuromuscular block was 
antagonized using neostigmine 1.25-2.5mg and 
atropine 0.6-1.2mg. After the onset of spon- 
taneous breathing both the propofol infusion and 
the nitrous oxide were discontinued, and the 
patient’s trachea was extubated. 

In all patients heart rate and arterial pressure 
were measured at 5-min intervals with a Dinamap 
845 (Critikon), using a cuff on the arm opposite to 
that used for the propofol infusion. Measurements 
were made also immediately after withdrawal of 
any blood sample, when the timing coincided. 

Before induction of anaesthesia a 16-gauge 
cannula was inserted into an antecubital vein for 
withdrawal of a baseline blood sample, and 
subsequently for 5-ml blood samples for propofol 
assay at 2, 5, 10, 15 and 20 min after the start of 
the propofol infusion, and at 10-min intervals 
thereafter. Samples were stored at 4°C for 
subsequent analysis of whole blood concentration 
of propofol using a high pressure liquid 
chromatography method with fluorescence de- 
tection [6]. 

The time taken from discontinuation of the 
propofol infusion to the first response to command 
by each patient was noted. Patients were 
interviewed at the end of their stay in the recovery 
room, and on the morning following surgery, for 
recall of any events during anaesthesia and 
surgery. 

Statistical analysis of the data was performed by 
using analysis of variance together with multiple 
comparison ¢ tests (Minitab) to compare blood 
concentrations of propofol, demographic data, 
cardiovascular data and recovery times between 
the four groups of patients. All data are quoted as 
mean (SD). 


RESULTS 


There were no significant differences among the 
groups with respect to their age, weight or 
duration of propofol infusion (table I). Satis- 
factory anaesthesia was achieved in every patient, 
and no patient could recall any event between 
induction and recovery from anaesthesia. 

The mean values for each group shown in 
figures 1 and 2 indicate that the target blood 
concentration of propofol was achieved. rapidly 
and maintained slightly in excess of 3.0 yg mi~ 
for the duration of the infusion. Although many 
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TABLE I. Patient characteristics and anaesthetic details. Mean (range) 


Group 1 Group 2 Group 3 Group 4 
Premedication Temazepam Morphine Temazepam Temazepam 
Anaesthetic Fentanyl Fentanyl 
Suxamethonium Suxamethonium Vecuronium Vecuronium 
Weight (kg) 75.6 (53-92) 75 6 (59-93) 66.0 (51-82) 78.1 (63-93) 
Age (yr) 44.9 (23-54) 42.4 (28—58) 41 1 (20-63) 47.6 (30-55) 
Duration of 108 (71-136) 77 (45-135) 101 (70-147) 96 (52-131) 
infusion (mun) 
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Fic. 1. Blood concentration of propofol achieved during the first 60 min of the infusion in groups 1 
(fentanyl) and 2 (morphine). Data points shown are the mean values of each group with sp bars. 


patients had an infusion for longer than 80 min, 
comparisons between all four groups could be 
made only for the first 60 min. 

Figure 1 shows the data for patients undergoing 
ventilation without neuromuscular block (groups 
1 and 2). Although there was a significant 
difference in blood concentration of propofol 
between these groups at 2 min, there was no 
significant difference at any subsequent time. The 
mean blood concentration of propofol between 5 
and 60 min was 3.47 (0.66) ug ml in group 1 and 
3.38 (0.81) ug ml“ in group 2. 

Figure 2 shows the data for patients in groups 3 
and 4. There was no significant difference in the 
blood concentration of propofol between these 
two groups at any time during the first 60 min of 
infusion. The mean blood concentration of 


propofol between 5 and 60 min was 3.56 (0.76) ua 
ml~* in group 3 and 3.60 (0.79) ug ml~! in group 4. 
Examination of the results from the two groups 
who received fentanyl (groups 1 and 3) and those 
who did not (groups 2 and 4), showed ne 
significant difference in blood concentration of 
propofol at any time between the patients whc 
received fentanyl and those who did not. There 
were no significant differences in the times to first 
response to command between the four groups 
(table II). There were no significant differences ir 
systolic or diastolic arterial pressure, or heart rate. 
among the four groups at any time during the 
infusions. The mean values for arterial pressure 
and heart rate for all patients are shown in figure 
3. 
Supplementary use of a volatile anaesthetic wa: 
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Fig. 2. Blood concentration of propofol achieved during the first 60 min of the infusion in groups 3 
(fentanyl-vecuronium) and 4 (no opioid—vecuronium). Data points shown are the mean values of each 
group, with sD bars. 


TABLE II. Time from cessation of propofol infusion to first 
response to command. Mean (SD) 


Group 1 Group2 Group3 Group 4 


Time (min) 11.6 (5.7) 9.7 (3.2) 11.2(3.1) 14.4 (6.9) 


necessary in six patients in group 2, but none in 
group 1. Supplementary doses of vecuronium 
were required by three patients in group 4, but 
none in group 3. 


DISCUSSION 


By using a computer-controlled infusion scheme 
designed to achieve rapidly and maintain a 
predetermined blood concentration of propofol, 
we predicted that any significant interaction 
between fentanyl and propofol would be reflected 
in a consistent difference in blood concentration 
of propofol between the patients who received 
fentanyl and those who did not. Our results have 
not shown this. The only significant difference 
occurred between groups 1 and 2 at 2 min after 
induction, at a time when the blood concentration 
of propofol would be changing most rapidly. If 
fentanyl acted to decrease the clearance of 


propofol, as suggested by Cockshott and 
colleagues [2], and by our experience with the 
earlier formulation of propofol, we would expect 
the blood concentrations of propofol to be 
significantly greater in patients receiving fentanyl. 
If fentanyl were to alter the binding of propofol in 
such a way as to decrease the volume of dis- 
tribution, either initially or approaching steady 
state, we would also expect the blood concen- 
trations of propofol to be higher in patients 
receiving fentanyl. As there were no differences 
between the groups ventilated with or without 
neuromuscular block, we may conclude either 
that there is no significant pharmacokinetic in- 
teraction between propofol and fentanyl or, most 
unlikely, that there is an equal but opposite 
interaction affecting both clearance and volume of 
distribution of propofol. 

The mean values for blood concentration of 
propofol were consistently and significantly 
higher (figs 1, 2) than the target of 3 ug ml~!, in 
contrast with the results of Tackley and colleagues 
[3]. One major difference between the present 
studies and Tackley’s was the mode of ventilation : 
Tackley’s patients were allowed to breathe 
spontaneously throughout anaesthesia whereas, in 
the present studies, all patients underwent 
artificial ventilation, albeit to normal end-tidal 
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Fie. 3. Changes in arterial pressure (---) and heart rate (——) during the first 60 min of the 
infusion. The upper and lower extents of the hatched area represent the systolic and diastolic pressures, 
respectively. Data points shown are the mean values of all four groups. 


Pco,. Although a value of the pharmacokinetic 
parameter k,, slightly different from that used by 
Tackley was used in the computer control al- 
gorithm in the current studies, this would only be 
expected to produce a higher blood concentration 
of propofol during the first 2~5 min of the 
infusion. The modification of k,, was made to 
obviate the lower than target blood propofol 
concentration which occurred in the first 5-10 
min of T'ackley’s study. Figures 1 and 2 show that 
this modification was successful, in that the mean 
blood propofol concentrations were at or slightly 
above the target value within 5 min of com- 
mencing the infusion. 

We may speculate that the reason for the 
consistently increased blood concentrations of 
propofol above the target level was decreased 
clearance secondary to diminished cardiac output 
and hepatic blood flow during artificial ven- 
tilation. This could be accounted for by increased 
mean airway pressures despite maintaining nor- 
mal values for end-tidal Pco,. Cardiac output was 
diminished during maintenance of anaesthesia 
with propofol infusion and nitrous oxide [7, 8], 
and the differences between the values during 
spontaneous and controlled ventilation, during 
surgery, were sufficient to account for a possible 
decrease in hepatic blood flow. Nevertheless, 
further studies are required to document the 
effect of differences in ventilatory pattern, changes 


of Paco, or both, on drug disposition during 
infusion anaesthesia. 

None of the 16 patients who received fentanyl 
required supplementary anaesthetic or neuro- 
muscular blocker, and the use of fentanyl did not 
significantly prolong the recovery times of these 
patients, compared with the 16 who received no 
fentanyl. 
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PHARMACOKINETICS OF PROPOFOL IN WOMEN 
UNDERGOING ELECTIVE CAESAREAN SECTION 


T. GIN, M. A. GREGORY, K. CHAN, T. BUCKLEY AND T. E. OH 


SUMMARY 


We have compared the pharmacokinetics of a 
bolus induction dose of propofol 2 mg kg’ in 10 
Chinese women undergoing elective Caesarean 
section with those in six non-pregnant Chinese 
women having laparoscopic sterilization. Blood 
propofol concentrations were measured using 
high pressure liquid chromatography with 
fluorimetric detection. Pharmacokinetic data 
were analysed by a model independent method 
based on statistical moment theory. Data from 
the laparoscopy group also underwent 
compartmental analysis, which produced similar 
kinetic results. Non-compartmental analysis 
estimated that the women undergoing Caesarean 
section had a similar elimination half-life (mean 
81.27 (sb 18.87) min) and apparent volume of 
distribution at steady state (2.66 (0.63) litre 
kg) as non-obstetric patients (99.45 (29.40) 
min and 3.36 (1.87) litre kg’). Clearance was 
more rapid in the Caesarean section group (39.32 
(8.07) ml min! kg’! vs 29.40 (8.72) ml min“ 
kg) (P < 0.05). The increased total body clear- 
ance may result from blood loss and delivery of 
the fetus and placenta at operation, although an 
increase in extrahepatic clearance is also poss- 
ible. 


KEY WORDS 


Anaesthesia: obstetric. Anaesthetics intravenous’ propofol. 
Pharmacokinetics: propofol, pregnancy. 


Propofol is a new i.v. induction agent which is 
metabolized rapidly [1, 2]. Rapid recovery from 
anaesthesia [3,4] would be of advantage in 
obstetric patients because of the increased risk of 
aspiration which may occur in the postoperative 
period. The disposition of propofol has been 
studied in various groups [5-9], but not in 
pregnant patients [10-12]. The aim of this study 


was to determine the pharmacokinetics of 
propofol in Chinese women undergoing elective 
Caesarean section and compare the data with 
those in non-pregnant patients having gynae- 
cological procedures. 

Evaluation of pharmacokinetic parameters for 
propofol has been performed previously using 
compartmental methods. However, there are 
problems when attempting to apply this technique 
to Caesarean section patients. Loss of fetal and 
placental compartments shortly after drug 
administration may invalidate a compartment 
model. Concerns about possible blood loss at 
Caesarean section led us to limit the frequency of 
blood sampling in this group; this may introduce 
inaccuracies in calculating the distribution half- 
life and apparent volumes of distribution by a 
compartment technique. 

A model independent analysis may overcome 
these difficulties yet still provide estimates of total 
body clearance, elimination half-life and apparent 
volume of distribution. Additional sampling was 
performed in the control group to determine if 
extra data points made any significant difference 
in calculating pharmacokinetic variables. Data 
from the control group were analysed also by a 
compartmental model, to compare the two 
methods. 


PATIENTS AND METHODS 


Approval was obtained from the Chinese Uni- 
versity Ethics Committee and informed consent 
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PROPOFOL PHARMACOKINETICS AT CAESAREAN SECTION 


was given by each woman studied. Ten women 
with a singleton pregnancy for elective Caesarean 
section were compared with six non-pregnant 
women undergoing laparoscopic sterilization. All 
patients were classed as ASA I with normal 
haematological and biochemical profiles, includ- 
ing liver function tests. 

In the Caesarean section group, there was no 
evidence of pregnancy-induced hypertension, 
overt supine hypotension or diabetes. Ranitidine 
150 mg orally was given the night before, and 
again 2h before surgery, while sodium citrate 
0.3 mol litre’? 30ml was administered 15 min 
before induction of anaesthesia. A standardized 
anaesthetic technique was used, comprising 3 min 
of preoxygenation, induction of anaesthesia with 
propofol 2.0 mg kg™ over 20 s into a fast running 
i.v. infusion and suxamethonium 1.5 mg kg™ i.v. 
Cricoid pressure was applied until the trachea was 
intubated and the cuff tested for leaks. Anaesthesia 
was maintained with 50 % nitrous oxide and 1.0% 
enflurane in oxygen. Neuromuscular block was 
maintained with atracurium 0.3 mg kg™ and sup- 
plementary doses as necessary. The lungs were 
ventilated to achieve an end-tidal carbon dioxide 
concentration of 4.0-4.5% using a carbon dioxide 
analyser (Normocap, Datex). The electrocardio- 
gram and arterial pressure were monitored 
throughout the operation. After delivery of the 
neonate, an infusion of oxytocin 20 u in 500 ml of 
5% glucose was started and morphine 0.2 mg kg™! 
administered i.v. The 1- and 5-min Apgar scores 
were recorded by a paediatrician who was unaware 
of the study. Residual neuromuscular block was 
antagonized with neostigmine 2.5 mg and atropine 
1.2 mg. 

The laparoscopy group received no premedi- 
cation. Anaesthesia was induced with propofol 
2.0 mg kg? i.v. over 208 and intubation per- 
formed after administration of atracurium 0.5 mg 
kg"! i.v. Anaesthesia was maintained with 70% 
nitrous oxide and 1.0% enflurane in oxygen. No 
opioid drugs were administered. Antagonism of 
neuromuscular block was achieved with neostig- 
mine 2.5 mg and atropine 1.2 mg. 

All patients were questioned the following day 
concerning awareness or dreaming during the 
period of surgery. 

Venous blood samples were taken before in- 
duction and at 2.5, 5, 10, 20, 30, 60, 120, 240, 360 
and 480 min from the end of the injection of 
propofol. The control group underwent additional 
sampling at 2, 4, 6 and 8 min and derived kinetic 
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variables were compared with and without these 
data points. 

The propofol concentration in whole blood was 
determined by a modification of the method 
described by Plummer [13]. Propofol in whole 
blood (0.5 ml) and internal standard thymol, 
buffered with sodium dihydrogen phosphate 
0.1 mol litre’, were extracted into cyclohexane. 
The organic extract was made alkaline by adding 
tetramethylammonium hydroxide and evaporated 
to dryness at 45 °C under nitrogen. The residue 
was dissolved in acetonitrile 80 ul and 50 ul of the 
concentrate was analysed by high pressure liquid 
chromatography with fluorimetric detection. In 
the mobile phase, glacial acetic acid was used in 
preference to trifluoroacetic acid to protect the 
pump from possible corrosion by the latter. The 
calibration graphs were linear over the range 
2~3000 ng ml"! with coefficients of- variation 
ranging from 1.0 to 8.0%. The between-batch 
coefficient of variance was 6.7% at 50 ng ml“ and 
4.8% at 3000 ng ml“, while the limit of detection 
was approximately 2 ng ml“. 

The blood concentration-time profiles of 
propofol were analysed by a model independent 
method based on statistical moment theory [14] 
and the BITRI computer program [15]. The 
BITRI program utilizes the method of residuals, 
whereby each curve is fitted with experimental 
data in terms of a bi-exponential or tri-exponential 
function. BITRI chooses the best fit such that 
the logarithms of squared deviation between 
exponential and computer values are minimized 
[16]. 

Distribution and elimination half-lives (7,", TP, 
Ty), apparent central volume of distribution (Vc), 
apparent volume of distribution at steady state 
(V=), apparent volume of distribution in the elim- 
ination phase (Vd), total body clearance (CD and 
the area under the blood concentration—time curve 
(AUC) were calculated using standard formulae 
[17]. 

The Mann-Whitney test was used for 
comparisons between groups. The Wilcoxon rank 
sum test was used for paired, within-group 
comparisons of the derived variables obtained by 
compartmental and non-compartmental analysis 
with and without additional data points. 


RESULTS 


As expected, the obstetric patients were younger, 
heavier and received anaesthetics of longer 
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Fic. 1. Mean (SEM) whole blood propofol concentrations after 

induction of anaesthesia with propofol 2mgkg-! in 10 

patients for Caesarean section (———) and six for laparoscopy 

(-=-). Limit of detection ( ) is approximately 2 ng mI}, 
approximately 2 ng ml". 


eaaa 


duration (mean 29.4 (sD 2.8) yr, 65.3 (7.6) kg and 
44.0 (13.7) min, respectively) than the laparo- 
scopic sterilization group (33.3 (2.7) yr, 52.8 
(4.4)kg and 24.2 (6.6)min) (all P < 0.05). 
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Induction and tracheal intubation were performed 
without difficulty and after operation no patient 
admitted to recall or dreaming during the pro- 
cedure. 

Propofol concentration declined in all patients, 
but secondary peaks were present in one 
Caesarean section patient and three in the 
laparoscopy group (fig. 1). Only three Caesarean 
section patients had detectable concentrations of 
propofol at 8h. Propofol concentrations were 
greater at 2.5 min in the obstetric group, but were 
subsequently higher in the laparoscopy group 
from 30 to 480 min (P < 0.05). 

Non-compartmental analysis for the two groups 
is shown in table I. Total body clearance of 
propofol was significantly higher in the Caesarean 
section group (mean 39.32 (sD 8.07)ml kg? 
min`) compared with the laparoscopy group 
(29.40 (8.72) ml kg min“) (P < 0.05). There 
were no differences in V™, Vd or elimination half- 
life. The inclusion of extra data points in the 
control group did not significantly alter the kinetic 
variables. In particular, clearance was 28.89 (8.55) 
ml kg min“, 

Compartmental analysis of the laparoscopy 
group revealed that blood propofol concentration 


TABLE I. Pharmacokinetic data (mean (SD)) for Caesarean section and laparoscopy patients by non- 
compartmental (NC) and three-compartment (3C) analysis. Significant differences between the two groups 
by non-compartmental analysis ; *P < 0.05; **P < 0.01 


Caesarean section 


Laparoscopy 

NC (n = 6) 3C (n = 5) 
— 25.13 (8.10) 
= 0.48 (0.15) 

181.0 (109.8) 190.7 (108.9) 
3.36 (1.87) 3.54 (183) 
238.5 (158.4) 375.6 (240.0) 
442 (2.71) 6.97 (4.13) 
1.57** (0.56) 1.53 (0.42) 
2940* £8.72) 2876 (593) 
— 2.04 (073) 
99.45 (29.40) 21.60 (10.00) 
— 164.62 (87.00) 


TABLE II. Apgar scores and induction—deltvery (I-D) times 


NC (n = 10) 
Ve (litre) — 
Ve (litre kg~*) — 
p™ (litre) 173.2 (41.6) 
V™ (litre kg™) 266 (0.63) 
Vd (litre) 2974 (836) 
Vd (litre kg") 4.55 (LIJ) 
Gl (litre min~+) 2.55** (0.49) 
Cl (ml kg min=*) 39 32* (8.07) 
T (min) a 
TP (min) 81.27 (18.87) 
Ty (min) os. 
1 2 3 4 
Apgar l| min 10 9 8 9 
Apgar 5 min 10 10 10 = 10 


I-D time (min) 


56 10.2 119 1l. 


Neonate number 


5 6 7 8 9 10 
9 8 9 9 8 9 
10 8 10 10 9 10 


3 12.4 13.6 68 12.7 125 88 


PROPOFOL PHARMACOKINETICS AT CAESAREAN SECTION 


(C,) at any time (t) after administration usually 
fitted best a tri-exponential equation of the form: 


C, = Ae + Be™ + Ce" 


where A, B and C are the intercepts, and a, B and 
y are the slopes of the three exponential lines. 
This is consistent with a three-compartment open 
model with elimination from a central compart- 
ment. A two compartment model fitted best for 


one patient (V™ 138.5 litre, C7 1.01 litre min~!, TP 


101.7 min). 

Inclusion of the extra data points was sufficient 
to allow a three-compartment model to be fitted to 
the one patient in whom a two-compartment 
model was preferred previously. However, there 
were no significant differences in the mean kinetic 
values. 7% and V™ were mean 2.14 (sp 0.52) min 
and 3.26 (1.48) litre kg compared with 2.04 
(0.73) min and 3.54 (1.83) litre kg™ initially. 

A comparison of compartmental and non- 
compartmental analysis in the laparoscopy group 
revealed no differences in V™, Vd or Ci (table I). 

There were no neonatal complications and 
_ Apgar scores were satisfactory (table IT). 


DISCUSSION 


Although previous studies of propofol pharmaco- 
kinetics have utilized a compartmental modelling 
technique, this is inappropriate for Caesarean 
section patients. There is rapid delivery of the 
neonate with loss of blood, amniotic fluid and 
placental tissues. Their contribution and sub- 
sequent removal from each of the theoretical 
compartments would have unpredictable effects 
on the model. Non-compartmental analysis is 
preferable, as these problems are avoided. 

The decrease in blood propofol concentration 
was interrupted by secondary peaks in some 
patients. These have been observed during re- 
covery in other studies [6,7] and attributed to 
movement with redistribution of propofol. Sec- 
ondary peaks probably occur in most patients, but 
their detection depends on the blood sampling 
interval at the time of recovery. Confidence in 
variables from compartmental analysis is reduced 
as peaks affect the accuracy of curve fitting. Peaks 
have been observed also in patients receiving 
thiopentone at Caesarean section [18], but they 
occurred at the time of delivery and were 
attributed to disruption of normal blood flow at 
parturition. 

Pharmacokinetic values for healthy non-preg- 
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nant women in this study are comparable to those 
of previous studies with similar anaesthetic 
techniques and total sampling duration [6, 7]. 
Although V™, Vd and elimination half-lives tend 
to be smaller in this study, weight corrected 
clearance is similar. There does not appear to be 
any evidence for racial differences in propofol 
elimination. 

The initial sampling regimen was less frequent 
in the Caesarean section group. In the laparoscopy 
group, there were no significant differences in 
derived variables when additional data points 
were included in non-compartmental or three- 
compartment analysis. It is unlikely thar the 
increased clearance observed in the Caesarean 
section group resulted from limited sampling. 

A survey of pharmacokinetic data from preg- 
nant women failed to reveal any consistent trend 
in pharmacokinetic parameters [19]. In studies at 
Caesarean section, it should be remembered, that 
maternal pharmacokinetics are influenced both by 
the physiological changes of pregnancy and the 
operative procedure. Expansion of fluid volume 
and the presence of fetal and placental tissues 
increase apparent volumes of distribution [20]. 
Delivery of the neonate and placenta with blood 
loss increase apparent clearance of drug. 

Drug disposition is affected by changes in 
protein content and binding during pregnancy 
[21] and whole blood concentrations must be 
interpreted in this light. Albumin concentration is 
lower and increased concentrations of free fatty 
acids and other endogenous displacing substances 
may decrease protein binding. Although the free 
drug is the clinically relevant concentration, whole 
blood is the preferred sample for assay, as propofol 
is significantly associated with the formed 
elements of blood [13]. Tissue perfusion is 
provided by whole blood and pharmacokinetic 
comparisons should be based more precisely on 
free drug concentrations in whole blood rather 
than plasma [21]. 

Plasma and whole blood propofol concen- 
trations are similar in non-pregnant patients [8, 
9]. There is no information on propofol binding 
during pregnancy, but binding of thiopentone is 
unchanged [18] and other drugs usually show 
decreased binding. Decreased protein binding 
would, theoretically, not alter hepatic clearance of 
a highly bound, flow limited, non-restrictive drug. 
This implies that a change in protein binding is 
not a significant factor affecting the clearance of 
propofol in the Caesarean section group. 
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Changes in volumes of distribution affect 
calculations of elimination half-life, so this is a 
less reliable index of metabolism and clearance is 
a more meaningful indicator [22]. Hepatic clear- 
ance of propofol is flow limited and should be 
unaffected in pregnancy, as liver blood flow is 
thought to be unchanged [23]. As clearance of 
propofol generally exceeds hepatic blood flow, 
additional extrahepatic metabolism has been 
postulated. If this is also flow limited, increased 
cardiac output would increase clearance at these 
sites. If extrahepatic metabolism is capacity 
limited, enzyme induction may contribute to the 
increased clearance of propofol in the present 
study. Both inhibition and induction of enzymes 
have been reported in pregnancy [22], but little is 
known of specific changes in drug conjugation as 
propofol is eliminated mainly by glucuronidation 
and sulphation. Paracetamol is eliminated simi- 
larly and clearance was increased during preg- 
nancy. This was caused by increased glucuroni- 
dation, while sulphation was unaffected [24]. 

General anaesthesia may affect the clearance of 
flow limited drugs by decreasing hepatic blood 
flow. Fentanyl administered before induction 
increased plasma concentrations of propofol by 
50%, and although mean clearance was 30% less 
than a group without fentanyl, this difference was 
not statistically significant [7]. In the same study, 
halothane did not significantly affect clearance. 

Pharmacokinetic studies of thiopentone in 
patients undergoing Caesarean section have 
shown some conflicting results, partly because of 
differences in modelling technique and sampling 
regimens. With sampling up to 100 h and a model 
independent analysis, V, Vd and T} were 
increased, with a trend to greater clearance [18]. 
These findings have been supported elsewhere 
[25]. In contrast, a shorter T, has been reported 
[26], but sampling was limited to 24 h and a three- 
compartmental model used with compensation 
for the removal of fetus and placenta. Hepatic 
metabolism of thiopentone is capacity limited and 
it was suggested that increased clearance could be 
caused by enzyme induction by the hormones of 
pregnancy. 

The 1- and 5-min Apgar scores compare 
satisfactorily with those obtained from other 
studies using propofol [11, 12]. Placental transfer 
of propofol is rapid [10,11], while neonatal 
elimination appears to be slower than maternal 
(unpublished observations). 

The total body clearance of propofol is 
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increased in women undergoing Caesarean sec- 
tion. This is caused partly by removal of drug 
with delivery of the neonate and placenta, 
although increased extrahepatic metabolism is an 
additional theoretical possibility. Apparent 
volumes of distribution and half-lives are within 
the range of those found in non-pregnant patients. 
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PEROPERATIVE NITROUS OXIDE DELAYS BOWEL 
FUNCTION AFTER COLONIC SURGERY 


B. SCHEININ, L. LINDGREN AND T. M. SCHEININ 


SUMMARY 


Forty patients scheduled for elective colonic 
surgery were allocated at random to receive 
either nitrous oxide or air during surgery. 
Preoperative management, surgery, parenteral 
therapy and postoperative analgesics were simi- 
far in both groups. Anaesthetic management 
included isoflurane, vecuronium by infusion and 
fentanyl 3 ug kg h. The air group required a 
mean inspired isoflurane concentration of 0.8% 
(SD 0.3), whereas the nitrous oxide group re- 
quired 0.4% (SD 0.2). No differences were found 
in duration of operation, blood loss, need for 
postoperative analgesia or postoperative nausea. 
Patients in the air group had less gas in the small 
bowel (P < 0.005) and in the large bowel (P < 
0.001), and operating conditions were better 
than in the nitrous oxide group (P < 0.07). After 
operation, the air group had significantly earlier 
bowel function than the nitrous oxide group, 
with earlier passing of flatus (3.4 (1.2) vs 4.7 
(1.4) days) (P < 0.05) and faeces (4.7 (1.5) vs 
6.3 (2.2) days) (P < 0.05) and required a shorter 
postoperative hospital stay (10.0 (7.3) vs 11.7 
(2.5) days) (P < 0.05). 


KEY WORDS 
Anaesthetics, gases: nitrous oxide Surgery: colon. 


Nitrous oxide is used widely as an adjuvant to 
general anaesthesia. However, it diffuses from 
blood into air-containing closed body cavities 
more rapidly than nitrogen diffuses out. Gas 
volume in the intestinal lumen has been found to 
increase by up to 200 % in 4h when nitrous oxide 
was administered to dogs [1]. The present study 
was designed prospectively in order to study the 
effect of peroperative nitrous oxide on bowel 
function in patients undergoing colonic surgery. 


PATIENTS AND METHODS 


The study was approved by the Hospital Ethics 
Committee and informed consent was obtained 
from all patients. We studied 40 patients sched- 
uled consecutively for elective major large bowel 
surgery. Patients were allocated randomly to two 
groups, one receiving nitrous oxide during 
anaesthesia (n = 20) and the other receiving air 
(n = 20). Patients receiving any drugs which could 
possibly influence bowel motility were excluded 
from the study. 

Patients were given a liquid diet for the day 
before operation. Bowel washouts were performed 
for 2 days before operation. Metronidazole and 
neomycin were administered for 2 days before 
surgery, and doxicyclin for the day of operation 
and 2 days after operation. 

All patients received standardized anaesthesia. 
Premedication comprised diazepam 0.14 mg kg™} 
orally and pethidine 1 mg kg™ i.m., 1h before 
anaesthesia. Anaesthesia was induced with 
glycopyrrolate 3 pg kg“ and fentanyl 0.1 mg i.v. 
and a sleep dose of thiopentone (3—6 mg kg“). All 
patients breathed 100% oxygen during in- 
duction. The lungs were ventilated with 100% 
oxygen by face mask before tracheal intubation, 
which was facilitated by suxamethonium 1.5 mg 
kg. Anaesthesia was maintained with fentanyl 3 
ug kg~! h! and isoflurane as required. One group 
(N,O) underwent ventilation with 70% nitrous 
oxide in oxygen; the other, ventilation with 
oxygen and air (Air). The inspiratory oxygen 
concentration was maintained at 30% and end- 
tidal carbon dioxide at 5% with continuous Po, 
and Pco, monitoring (Capnomac, Datex, 
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Finland). Neuromuscular block was achieved with 
a bolus of vecuronium 0.1 mg kg7? and maintained 
by an infusion of 0.04-0.1 mg kg"! h~t. Relaxation 
was monitored with a peripheral nerve stimulator 
(PNS); only one twitch was tolerated in the train- 
of-four during surgery. Blood-gas analyses were 
obtained during and after the operation. 

After insertion of a nasogastric tube before 
surgery, gastric contents were aspirated and 200 ml 
of air were injected into the stomach as a “‘seed 
volume” and the tube was clamped. This was 
done in an attempt to standardize the amount of 
preoperative gastric gas content. The nasogastric 
tube was declamped when the surgeon requested. 
Before closure of the abdomen, the surgeon, who 
was unaware of the gas mixture used, was asked to 
comment on and grade the distension in the small 
and large bowel: 0 = empty or negligible; 1 = 
distended; 2 = considerably distended. The 
surgeon was asked to judge the operating con- 
ditions also with respect to gas content in the 
bowels. 

At the end of surgery, residual neuromuscular 
block was antagonized with neostigmine 0.5 mg 
preceded by glycopyrrolate 0.1 mg given every 2 
min until muscle tone recovered as judged by the 
twitch response with the PNS. After reversal, all 
patients underwent ventilation with 100 % oxygen 
before extubation. The abdominal circumference 
was measured before surgery, in the recovery 
room and on the day after surgery. 

On the day of surgery, Ringer acetate, 5% 
glucose and 4% human albumin were given as 
needed (2500-6000 ml). Fluids were administered 
to maintain central venous pressure at 5-10 mm 
Hg and a normal urine output. Blood loss greater 
than 500 ml was replaced. Parenteral nutrition 
was continued until adequate bowel function was 
present. The daily regimen was 10% glucose 
1000-2000 ml, aminoacids (Levamin 80) 
500-1000 ml and 10% fat solution (Intralipid) 
500-1000 ml. 

For postoperative pain control in the recovery 
room, i.v. oxycodone 0.07 mg kg! was prescribed 
on request. On the ward, patients received 
oxycodone 0.15mgkg™?! i.m. on request. The 
number of requests for analgesics and the in- 
cidence of postoperative nausea and vomiting was 
recorded. Serum protein and plasma electrolyte 
concentrations were measured before and after 
operation and kept within normal laboratory 
limits. The need for nasogastric intubation and 
times to passage of flatus and faeces were recorded 
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by a blinded observer. The duration of 
postoperative hospital stay was recorded. 

Statistical analyses were performed using 
Student’s ¢ test, analyses of variance and chi- 
square test as appropriate. P < 0.05 was con- 
sidered to be significant. 


RESULTS 


There were no significant differences between the 
groups with respect to age, weight, height, 
duration of anaesthesia, and peroperative blood 
loss (tables I-III) and neostigmine requirement. 
The need for postoperative analgesics was similar 
in both groups. The mean (sD) number of doses 
was 19 (3.4) in the N,O group and 20 (3.9) in the 
Air group in the first 48 h. 

Mean (sp) inspired concentration of isoflurane 
was 0.4 (0.2) vol % in the N,O group and 0.8 (0.3) 
vol% in the Air group (P < 0.001). The ab- 


TABLE I. Demographic data (mean (SD)) 


N,O Air 
Sex (M/F) 7/13 9/11 
Age (yr) 59.5(12.7) 56.1 (12.0) 
Weight (kg) 69.4(11.8) 70.1 (14.4) 
Height (cm) 165.9 (6.5) 167.4 (9 8) 
Malignant/benign 12/8 10/10 


TABLE II. Surgical procedures (No. of patients) 


N,O Air 
Right colectomy 4 6 
Left colectomy 5 4 
Division of adhesions 1 0 
Sigmoidectomy 3 3 
Anterior resection 4 5 
Proctocolectomy 1 0 
Abdominoperineal resection 2 2 
Total 20 20 


TABLE III. Peroperative characteristics (mean (SD)) 


N,O Air P 
Duration of anaesthesia 282 (53) 250 (66) ng 
(min) 
Blood loss (ml) 543 (490) 370(360) ns 
No. of administrations of 193.4) 206.9) ns 
analgesics in 48 h 
Mean inspiratory volume of 0.4 (0.2) 0.8 (0.3) < 0.001 
isofturane (%) 
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TABLE IV. Perioperative fhad balance (mean (SD)). No 
swgmficant differences between groups 
N,O Aur 
Serum protein (g litre™}) 
Preop. 70.4 (6,2) 70.2 (6.2) 
24 h postop. 64.5 (4.2) 64.9 (5.4) 
Plasma Na (mmo! litre”? 
Preop. 140 (2.5) 140 (2.5) 
24 h postop. 134 (2.4) 134 (3.3) 
Plasma K (mmol litre?) 
Preop. 3.9 (0.4) 3.9 (0.2) 
24 h postop, 3.8 (0.3) 3.9 (0 3) 
Mean CVP (mm Hg) 
During op. 7.9 (2.7) T- (1:5) 
Recovery room 7.4 (2.0) 5.7 (1.8) 


dominal circumferences in both groups were 
comparable throughout the study. No difference 
was found between the groups in the postoperative 
incidence of nausea (five of 20 patients in both 
groups). All patients had lesser serum protein and 
haemoglobin concentrations on the first day after 
operation compared with preoperative values, but 
the values remained within normal laboratory 
limits and the decreases were not statistically 
significant (table IV). Acid—base balance during 
operation and during the postoperative period 
was similar and normal in both groups. There 
were no clinical anastomotic breakdowns or 
mortality during the stay in hospital in either 
group. Sutures were removed on the 10th day in 
all patients. Four experienced surgeons were 
involved during the study period. 

In the N,O group, during the first 1h of 
surgery, the surgeons requested aspiration of 
gastric contents in 17 of the 20 patients. In the Air 
group this was requested in eight of 20 patients. 
They complained of intrusive gas contents in the 
bowel in five of 20 patients in the N,O group. 
There were no complaints regarding patients in 
the Air group. In the Air group, surgeons 
estimated the operating conditions as very good 
because of empty small bowel and colon in 11 of 
20 patients (P < 0.01, Chi square test). All 
patients in the N,O group had moderate or 
intrusive gas content in the bowel (table V). The 
estimated distension of the small and large bowel 
is shown in table VI. Gas distension was 
significantly greater in the N,O group compared 
with the Air group (P < 0.001 for colon and P < 
0.01 for small bowel). 

Patients in the Air group had a significantly 
faster recovery of bowel function than the patients 
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TABLE V. Surgical rating of operating conditions. Significant 
differences between groups (P < 0.01; chi-square test) 


N,O Air 
Poor, bowels markedly distended 5/20 0/20 
Moderate 15/20 9/20 
Good, bowels empty 0/20 11/20 


TABLE VI. Distension of the small and large bowels at the end 
of surgery. Distension score: QO = empty; 1 = moderately 
distended; 2 = considerably distended. Twenty patients in each 
group. Significant differences (Chi-square test) between the 
study groups: P < 0.01 for small bowel; P < 0.001 for large 


bowel 
Score N,O Air 

Small bowel 

0 7 18 

1 12 2 

2 1 0 
Large bowel 

0 2 14 

I 14 5 

2 4 1 


in the N,O group with earlier passing of flatus (3.4 
(sp 1.2) vs 4.7 (1.4) days) (P < 0.05) and faeces (4.7 
(1.5) vs 6.3 (2.2) days) (P < 0.05). Thus the Air 
group required less parenteral nutrition. The 
duration of postoperative hospital stay was 
significantly shorter in the Air group (10.0 (1.3) 
days) compared with the N,O group (11.8 (2.5) 
days) (P < 0.05, ANOVA). 


DISCUSSION 


Many factors are associated with non-mechanical 
delay in bowel motility after colonic surgery. 
Surgical technique, trauma, anaemia, malnu- 
trition, infection, electrolyte disturbances and 
stress hormones have been considered as possible 
causes for the delayed recovery of bowel function 
after surgery. In addition, anaesthesia and opioids 
used for postoperative analgesia influence bowel 
function both during and after operation, 
although this effect is slight compared with the 
effects of surgery [2, 3]. Therefore, when assessing 
postoperative bowel function, it is important that 
the study groups are homogeneous both with 
regard to preoperative emptying and surgical 
handling of the bowels, as well as to drugs and 
anaesthesia. In the present study, the only variable 
between the groups was the ventilation gas 
mixture during the laparotomy. 


NITROUS OXIDE DELAYS BOWEL FUNCTION 


An anticholinergic drug is included commonly 
in premedication regimens and always when 
antagonizing block at the end of surgery. These 
drugs disrupt co-ordinated contractile bowel 
activity, which is mediated by cholinergic stimu- 
lation [4]. On the other hand, neostigmine is 
known to stimulate peristalsis [4]. Thus the ratio 
between the doses of both these drugs was 
maintained in the present study and care was 
taken to prevent overdosage. 

The similar incidence of nausea in both groups 
supports earlier studies showing that nitrous oxide 
does not contribute to the occurrence of nausea 
after isoflurane anaesthesia [5]. 

Morphine reduces gastric and intestinal 
motility, increasing tone and contractions of a 
non-propulsive type [6]. Patients given extradural 
bupivacaine instead of opioids for postoperative 
pain have been shown to have earlier bowel 
movements after colonic surgery [7]. In the 
present study, all patients were treated with equal 
doses of opioids during and after operation. 

To our knowledge, no study has been 
performed on the effect of isoflurane on bowel 
function. In the present study, isoflurane was 
used because of less cardiovascular depressant 
effects compared with enflurane [8]. Reduced 
stroke volume could theoretically affect the cir- 
culation of the gut. The mean inspired con- 
centration of isoflurane in the Air group was twice 
that in the N,O group. This finding supports 
earlier studies showing that the MAC of isoflurane 
is decreased by about 60% in the presence of 


nitrous oxide [9]. Halothane and enflurane have. 


been shown to depress electrical activity and to 
diminish smooth muscle contractions in the 
colonic wall in monkeys [10]. Nitrous oxide, 


administered for 20 min, did not have an effect on | 


colonic motility, and no increase in peristalsis was 
found. The authors suggested that halothane and 
enflurane have a direct, peripheral, anticholinergic 
effect on gut smooth muscle, while nitrous oxide 
has no such effect, and that postoperative paralytic 
ileus during the initial 72 h after operation is not 
caused by enflurane, halothane or nitrous oxide. 
The short duration of nitrous oxide admini- 
stration in that study may have accounted for the 
reported lack of gut distension; our patients 
received nitrous oxide for at least 4 h. 

Nitrous oxide diffuses from blood into air- 
containing closed body cavities, such as the bowel 
lumen, more rapidly than nitrogen diffuses out. 
Cundy, Aldrete and Thomas [11] demonstrated 
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an increase in the intestinal circumference in dogs 
ventilated with nitrous oxide. Peristalsis of the gut 
appeared to be influenced slightly by this dis- 
tension [11]. Eger and Saidman found that air 
placed in the intestinal lumen in dogs increased in 
volume by up to 200% when the dogs breathed 
nitrous oxide and oxygen for 4h. When the dogs 
inhaled oxygen and halothane, no such volume 
changes were found [1]. They considered bowel 
obstruction to be a relative contraindication to 
nitrous oxide anaesthesia with inspired 
concentrations exceeding 50%, as bowel disten- 
sion may make the closure of the peritoneal cavity 
difficult. This has been found also in connection 
with prolonged surgery, such as liver transplan- 
tation [12]. Bowel distension has been considered 
to decrease bowel contractility as a result of 
intestino~intestinal reflexes in addition to in- 
terference with perfusion of the gut [13]. Gases 
diffuse between mucosal blood vessels and bowel 
lumen, the direction being determined by the 
partial pressure of the gases. As the most intrusive 
distension was found in the colon and not in the 
small bowel, the standardized air volume in the 
stomach was not associated with the bowel 
distension. 

Distended bowels need more handling during 
operation and this may also influence the recovery 
of bowel function. Distension of the operated 
bowel may lead to increased intraluminal press- 
ure, danger of leakage and anastomotic breakdown 
[1, 13, 14]. Water and electrolytes are secreted 
into a non-functioning gut, worsening the dis- 
tension and prolonging the requirements for i.v. 
therapy in the postoperative period. No 
anastomotic breakdown occurred in each group, 
but earlier recovery of bowel movements in the 
Air group led to fewer days of parenteral nutrition 
and shorter hospital stay. The slower recovery in 
the nitrous oxide group may be a result of 
diminished circulation in the nitrous oxide- 
distended bowel wall as postulated by Aitkenhead 
[3] and Youmans [13]. 
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ISOFLURANE SEDATION FOR PATIENTS UNDERGOING 
MECHANICAL VENTILATION: METABOLISM TO 
INORGANIC FLUORIDE AND RENAL EFFECTS 


K. L. KONG, J. E. TYLER, S. M. WILLATTS AND C. PRYS-ROBERTS 


SUMMARY 


The metabolism and renal effects of isoflurane 
sedation were studied for 24h in patients 
undergoing mechanical ventilation. Forty-six 
patients admitted to our intensive therapy unit 
were allocated randomly to receive either 
0.1-0.6% isoflurane or midazolam 0.01—0.2 mg 
kg h” for sedation. in 26 patients sedated with 
isoflurane, plasma inorganic fluoride increased 
from a mean concentration of 4.03 umol litre to 
13.57 umol litre 12 h after stopping sedation. 
Plasma inorganic fluoride concentrations in 20 
patients sedated with midazolam were un- 
changed from baseline values (mean 5.32 umol 
litre). Serum electrolyte, urea and creatinine 
concentrations, and urine output rates during 
-and after sedation in patients who received 
isoflurane were similar to those who received 
midazolam. We conclude that. following iso- 
flurane sedation for up to 24h, metabolism to 
inorganic fluoride is insufficient to cause clinical 
renal dysfunction. 


KEY WORDS 


Aneesthetics inhalation: isoflurane. Intensive care’ sedation. 
Metabolism: fluorida. 


We have shown that subanaesthetic concen- 
trations of isoflurane (0.1—-0.6 %) provide a useful 
alternative technique for sedation of patients 
undergoing ventilation in the ITU [1]. Many 
critically ill patients may be expected to be 
receiving drug treatment which could result in 
hepatic enzyme induction. The metabolism of 
isoflurane to inorganic fluoride (F~) and its renal 
effects in these patients were therefore studied. 


PATIENTS AND METHODS 


We studied 60 patients who required mechanical 
ventilation in the ITU. Patients were excluded if 


they were pregnant, had head injury or were in 
coma, were already under an established scheme 
of sedation, had a history of allergic response to 
morphine or benzodiazepines, were grossly obcse 
or had uncontrolled haemorrhage. The study was 
approved by the Bristol and Weston District 
Ethics Committee. Informed consent for par- 
ticipation was obtained either from the patient or 
from the next of kin. Patients were allocated 
randomly to receive either 0.1-0.6 % isoflurane in 
an air—oxygen mixture or a continuous i.v. 
infusion of midazolam 0.01-0.2 mg kg th ™' for 
sedation. In those patients who received isoflurane 
for sedation, end-tidal concentrations of the agent 
were measured with a Siemens Gas Monitor and 
MAC hours of isoflurane calculated. By definition, 
MAC is not directly applicable to sedated patients 
and the end-tidal concentrations and duration of 
sedation were used to calculate the “volume per 
cent hours ” of isoflurane in each patient. The dose 
of sedative was adjusted to maintain a desired 
degree of sedation for as long as possible. The trial 
sedative was stopped either when the patient was 
judged ready for weaning from ventilatory sup- 
port, or at 24 h (whichever was earlier). If sedation 
was required beyond 24h, an alternative scheme 
of sedation was substituted. 

Arterial blood samples were collected for 
measurement of plasma F~ at baseline, at the end 
of the period of trial sedation, and at 24h after 
discontinuing the trial sedative. It was realized 
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later that this frequency of sampling was in- 
adequate in those patients receiving isoflurane 
sedation, and additional blood samples were taken 
at 4 and 12h after discontinuing the trial sedative 
in subsequent patients who received isoflurane for 
sedation. In five of these patients further samples 
were taken also at 48h after stopping isoflurane 
sedation. 

The plasma was separated, frozen and, sub- 
sequently, ionic F~ concentrations determined by 
direct ion-selective potentiometry using a fluor- 
ide-glass pH electrode system [2, 3]. Interassay 
coefficients of variation were 2.2% and 1.3% at 
mean plasma F- concentrations of 2.0 umol litre 
and 30 umol litre"!, respectively. The lower limit 
for fluoride determination was 0.1 pmol litre, 
with linearity from the lower limit of detection to 
90 umol litre“! (linear correlation coefficient, r = 
0.999). Care was taken to avoid fluoride con- 
tamination. Arterial blood samples were taken 
also at baseline, at the end of the period of trial 
sedation and 24 h after sedation for measurement 
of serum electrolytes, urea and creatinine con- 
centrations. Hourly urine output was recorded. 

Nominal data were analysed by the Chi square 
test; for other data which could be assumed to be 
distributed normally, paired and unpaired 1 tests 
were used to compare means within and between 
groups, respectively; otherwise, the Mann- 
Whitney U test was used. 


RESULTS 


Of the 60 patients studied, results from 14 patients 
were incomplete either because they died during 
the study or because they had to return to theatre 
before blood sampling was completed. Results 
from the remaining 46 patients were analysed. 
Table I shows the details of these patients, 26 of 


TABLE I. Details of patients studied. Mean (SEM) 


Isoflurane Midazolam 
group group 
(n = 26) (n = 20) 

Sex (M:F) 17:9 18:2 
Age (yr) 66.2 (2.1) 65.5 (2.9) 
Weight (kg) 63.3 (2.2) 70.5 (2.4) 
APACHE II score 14.7 (1.3) 14.4 (1.5) 
Duration of sedation (h) 18,2 (1.0) 18.3 (1.0) 
Admission diagnosis 

Postoperative surgical 24 17 

Others 2 3 
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Fic. 1. Mean (SEM) plasma fluoride concentrations (umol 
litre”!) before and after sedation with isoflurane (() or mida- 
zolam (W). 


whom received isoflurane and 20 midazolam. 
Twenty-one patients sedated with isoflurane and 
16 of those sedated with midazolam had received 
a volatile agent during surgery before entry to the 
study. The interval between the end of the 
anaesthetic and start of the study ranged from 
45 min to 3 h in these patients. The two groups of 
patients were comparable in sex distribution, age, 
weight, APACHE II score and duration of study. 
Patients who received isoflurane for sedation 
showed a continuous increase in plasma F7, 
whereas there was no significant change in plasma 
F~ in those patients who received midazolam (fig. 
1). More frequent blood samplings and measure- 
ments of plasma F~ in those later patients who 
received isoflurane revealed that maximum plasma 
F- (13.57 umol litre) occurred 12h after dis- 
continuing isoflurane (fig. 2). The mean (range) 
dose of isoflurane used for sedation was 2.84 
(1.14-6.38) MAC hours or 2.99 (1.2-6.7) vol% 
hours. In five of these patients, blood samples 
taken 48h after discontinuation of isoflurane 
showed that, although plasma F- had declined 
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Fic. 2. Mean (SEM) plasma fluoride concentrations before and 
after isoflurane sedation. * = Series 1 (n = 14); J = series 2 
(n = 5). 


ISOFLURANE SEDATION 


TABLE II. Mean (SEM) serum electrolyte, urea and creatinine concentrations before and after sedation 


with tsoflurane or midazolam. * Significant difference from baseline (P < 0.05) 


End of 24 h after 
Baseline sedation sedation 
Isoflurane group (n = 26) 
Sodium (mmol litre~!) 139.5 (0.8) 139.6 (1.1) 139.1 (1.2) 
Potassium (mmol litre!) 4.3 (0.2) 4.1 (0.2) 3.8 (0.1) 
Chloride (mmol litre") 102.6 (1.0) 102.7 (1.1) 102 (1.1) 
Bicarbonate (mmol litre!) 24.1 (0.7) 24 8 (0.8) 25.4 (0.9) 
Urea (mmol litre!) 9.2 (1.0) 11.5 (1.3)* 13 (1.8)* 
Creatinine (umol litre~*) 122.4 (13.1) 147 (18.7)* 156.8 (26.2) 
Midazolam group (n = 20) 
Sodium (mmol litre~*) 139.2 (1.1) 139.7 (1.2) 140 (1.0) 
Potassium (mmol litre!) 4.4 (0.2) 4.1 (0.1) 3.7 (0.2) 
Chloride (mmol litre~?) 101 (1.6) 101.3 (1.3) 100.1 (1.4) 
Bicarbonate (mmol litre~4) 25.6 (1.6) 27 (1.2) 27.8 (1.1) 
Urea (mmol Htre~}) 9.7 (1.2) 11.7 (1.3)* 12.1 (1.6) 
Creatinine (umol litre~*) 139.6 (16.2) 155 (22.2) 158.1 (27.1) 
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considerably, they were still increased above 
normal values (fig. 2). 

There were no significant differences in serum 
sodium, potassium, chloride and bicarbonate 
concentrations from baseline values in the two 
groups (table II). Serum urea and creatinine 
concentrations measured at the end of the study 
period and 24h later were higher than baseline 
values in the two groups of patients, but there 
were no differences in urea or creatinine con- 
centrations between the isoflurane and midazolam 
groups during the study period. Hourly urine 
outputs in both groups were within normal limits, 
and there was no difference in mean (SEM) hourly 
urine output during the study: 73.4 (7.5) ml h~! 
compared with 79.6 (9.3) ml h^t, respectively. 


DISCUSSION 


Metabolism of methoxyflurane to F- was shown 
to result in dose-related, polyuric renal in- 
sufficiency in man [4]. As a result of these studies, 
methoxyflurane was withdrawn from human use. 
The extent of enflurane biotransformation to F~ is 
insufficient to result in clinically significant nephro- 
toxicity [5], even in patients with pre-existing 
renal insufficiency [6]. As only 0.2% of an 
absorbed dose of isoflurane is biotransformed [7], 
F- nephrotoxicity appears unlikely. Studies in 
man have shown that, following exposure to 3.1 
MAC hours of isoflurane during surgical pro- 
cedures lasting 2-7.5 h, serum F- increased to 


mean peak values of about 4.4 umol litre? from 
preoperative baseline values of 2.2 umol litre 
[8]. Slightly greater peak serum F` concentrations 
(6.5 umol litre!) were reported in morbidly obese 
patients exposed to 2.5 MAC hours of isoflurane 
[9]. We have used subanaesthetic concentrations 
of isoflurane (0.1-0.6 %) over much longer periods 
(mean duration 18.2 h). In our group of patients 
undergoing ventilation the metabolism of iso- 
flurane may have been increased or altered by 
factors such as changes in hepatic blood flow, 
hypoxaemia, drugs (especially enzyme inducing 
drugs), genetic variation and concurrent illnesses. 
Compared with the above studies we found a 
greater mean maximum plasma fluoride concen- 
tration (13.57 pmol litre") following sedation 
with a mean dose of 2.84 MAC hours isoflurane 
(2.99 vol% hours). However, this plasma F- is 
still far below that (50 pmol litre’) which has 
been reported to cause subclinical nephrotoxicity 
[10]. The majority of our patients were post- 
Operative surgical patients, many of whom had 
received an anaesthetic with a volatile agent before 
entry to the study. We were unable to determine 
the effect of this exposure on the maximum 
increase in plasma F-. This maximum occurred 
12h after stopping isoflurane, later than the 6h 
after the end of an isoflurane anaesthetic reported 
by Mazze, Cousins and Barr [8], but similar to 
that seen in morbidly obese patients [9]. Plasma 
F in our patients were still increased 48 h after 
stopping isoflurane sedation. We were unable to 
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demonstrate any relationship between MAC 
hours or vol% hours of isoflurane used and 
maximum plasma F~. 

Hourly urine output in both groups was similar 
and not excessive. However, urinary concen- 
trating ability, the most sensitive indicator of F- 
nephropathy, was not measured. Both groups 
demonstrated increases in serum urea and creati- 
nine concentrations from baseline values follow- 
ing isoflurane or midazolam sedation and are, 
therefore, unlikely to be related to increases in 
plasma F-. These increases in serum urea and 
creatinine concentrations could be accounted for 
by the general clinical condition of this group of 
patients receiving intensive therapy. 

Although the results of this study show that, 
after isoflurane sedation of up to 24 h, metabolism 
to F- is of insufficient magnitude to cause clinical 
renal dysfunction, further studies to exclude 
possible adverse effects of prolonged sedation are 
warranted. 
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EFFECTS OF ENFLURANE ON VISUAL EVOKED 


POTENTIALS IN HOMANS 


O. Z. CHI AND C. FIELD 


SUMMARY 


Effects of enflurane on visual evoked potentials 
(VEP) were studied in eight healthy female 
patients. Control VEP were recorded from the 
occipital electrode (0,-C;z), and prominent neg- 
ative (N70) and positive (P100) peaks were 
observed following flash light stimulation. After 
induction of anaesthesia with thiopentone, VEP 
were recorded at expired concentrations of 1.2, 
7.8, 2.4 and 2.7% of enflurane in 100% oxygen. 
The amplitude of the P100 was decreased and 
the latency of the N70 was increased signifi- 
cantly from the control with all concentrations 
of enflurane. No significant difference was found 
between different concentrations of enflurane. 
The latency of the P100 was increased sig- 
nificantly only at concentrations above MAC and 
at 2.7% when it was significantly longer than 
those at 1.2 and 1.8%. We conclude that VEP are 
altered significantly with enflurane in clinically 
used concentrations. 


KEY WORDS 


Anaesthetics volatile: anflurane. Monitoring brain: visual 
evoked potentials. 


All general anaesthetics affect electrical activity of 
the brain, including the electroencephalogram 
(EEG) and the evoked potentials. Unlike other 
frequently used general anaesthetics, enflurane 
induces episodes of paroxysmal spike activities 
and periodic suppression in the EEG with 
inspired concentrations exceeding 3%. This 
phenomenon occurs especially in children [1,2]. 
Enflurane produces dose related reduction in the 
amplitudes of the cortical components of the 
somatosensory evoked potentials (SSEP) and 
early cortical components of the brainstem audi- 
tory evoked potentials (BAEP). Latencies of these 


evoked potentials are increased with enflurane in 
a dose related pattern [3,4]. 

Even though recording of the visual evoked 
potentials (VEP) is vulnerable to various factors 
during surgery, it has been used in monitoring 
function of the central nervous system during 
cardiopulmonary bypass, as disturbance of visual 
function is one of the most common complications 
following cardiovascular surgery [5—7]. Others 
used VEP in monitoring integrity of the visual 
pathways during neurosurgical procedures [8, 9]. 
The VEP are elicited by flashes from light- 
emitting diodes mounted on goggles placed over 
the patient’s closed eyes. They have prominent 
negative and positive peaks at about 70 and 
100 ms after stimuli, termed N70 and P100, 
respectively. The P100 is thought to arise in the 
striated and parastriated visual cortex. The origin 
of N70 is not clear. Changes in the latencies and 
amplitudes of these peaks are affected by several 
factors, including anaesthetic agents and surgical 
stimuli. 

The effects of enflurane on the VEP are not well 
known and this study was designed to examine 
this in further detail. 


PATIENTS AND METHODS 


This study was approved by our Institutional 
Review Board. Informed consent was obtained 
from eight female patients (ASA physical status I 
or II, age 21—45 yr) undergoing non-neuro- 
surgical operations. No patient had ophthalmo- 
logical or neurological disorders. No premedica- 
tion was given. 
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Silver chloride disk electrodes were fixed to the 
scalp with collodion according to the 10-20 
international system [10]. The VEP were recorded 
from the occipital electrode (O,) with reference to 
the vertex electrode (C,) using the mastoid 
electrode as a ground. Impedance was Kept less 
than 3000 Q. The bandpass filter was set at 1-200 
Hz. Sensitivity was set at 100 uV full scale. A pair 
of goggles lined with light-emitting diodes was 
placed over the patient’s closed eyes. Binocular 
flash stimuli were given at a rate of 1.9 Hz and a 
duration of 10 ms. Each averaging epoch was 500 
ms, with a total of 100 repetitions. A Nicolet 
Pathfinder I (Nicolet Biomedical Instruments, 
Madison, W1) was used to record the evoked 
potentials. 

The VEP were recorded before induction of 
anaesthesia as a control. Anaesthesia was induced 
with tubocurarine 0.05mgkg!, thiopentone 
4-5 mg kg! and suxamethonium 1.5 mg kg? i.v. 
Anaesthesia was maintained with various concen- 
trations of enflurane in 100% oxygen. Vecur- 
onium was given as needed to maintain neuro- 
muscular block and controlled ventilation. End- 
expiratory enflurane concentration was measured 
with an Engstrom Emma gas analyser equipped 
with a Flextube Humidifier. End-expiratory par- 
tial pressure of carbon dioxide was monitored 
using a Datex CO, Monitor, and maintained at 
4,7—-5.3 kPa. Body temperature was measured with 
a Stat-Temp temperature sensor, and maintained 
at 35-37 °C. Systolic arterial pressure was Kept 
within +25 % of the value before operation with 
enflurane and an i.v. infusion of lactated Ringer’s 
solution. Twenty minutes after induction, VEP 
were recorded at 1.2, 1.8, 2.4 and 2.7% of 
enflurane. Each end-expiratory enflurane con- 
centration was maintained for 10min before 
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recording. At least two individual VEP were 
recorded at each enflurane concentration. The 
order of administration of each concentration was 
randomized. To avoid the effects of surgical 
stimuli, the VEP were recorded when there was 
no or minimal stimuli. Latencies of the N70 and 
the P100 were measured, and the amplitude of 
the P100 was measured as the vertical distance 
between the N70 and the P100. 

For data analysis, repeated measures analysis of 
variance and the Student-Newman-—Keuls mul- 
tiple comparison test were used. P < 0.05 was 
considered statistically significant. 
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Fig. 1. The VEP recording from a patient with inspired concen- 
trations of enfiurane from 1.2% (21.2%) to 2.7% (E2.7%). 
C = Control. 


TABLE I. Mean (SD) latencies and amplitudes of the VEP at control and at different concentrations of 
enflurane. Statistically significant: * compared with control; + compared with 1.2% and 1.8% 


Latency (ms) Amplitude (pV) 
N70 P100 N70-P100 
Control (n = 8) 78.8 (10.3) 110.1 (19.5) 11.21 (5.45) 
Enflurane 
1.2% (n = 8) 92.0 (9.0)* 116.9 (11.3) 7.56 (3.25)* 
1.8% (n = 8) 89.5 (7.6)* 118.4 (10.1) 6.10 (2.69)* 
2.4% (n = 8) 91.3 (8.4)* 122 8 (105)* 5.95 (3.08)* 
2.7% (n = 6) 98.0 (6.3)* 132.0 (12.7)*¢ 4.87 (3.09)* 
P < 0 0005 < 0.0025 < 0 0025 


EFFECTS OF ENFLURANE 


RESULTS 


VEP were obtained in a reproducible manner in 
all patients. Because of clinical constraints, how- 
ever, 2.7% enflurane was not administered to two 
patients. In figure 1, typical VEP waveforms from 
one patient are shown. Duplications of the 
waveforms are superimposed. Mean values for 
latencies and amplitudes at various end-expiratory 
enflurane concentrations are shown in table I. 
The latency of the N70 at each enflurane con- 
centration increased significantly from control. 
Differences between various concentrations of 
enflurane were not significant. Latencies of the 
P100 increased significantly only at 2.4 and 2.7% 
compared with control. The latency of the P100 at 
2.7 % was significantly longer than those recorded 
at 1.2 and 1.8%. Otherwise, no significant differ- 
ence was found between various concentrations of 
enflurane. The amplitude of the P100 at each 
enflurane concentration diminished significantly 
from that of control. No significant difference was 
found in the amplitude recorded at various 
concentrations of enflurane. 


DISCUSSION 


Many factors in addition to anaesthetics may 
affect recording of evoked potentials. Hypo- 
thermia increases the latency [11]; in this study, 
body temperature was maintained within a reason- 
ably narrow range. We minimized fluctuations in 
end-expiratory carbon dioxide by controlled ven- 
tilation in order to avoid the effects of carbon 
dioxide tension on evoked potentials [12]. Pre- 
medication was not given and, to minimize the 
effects of thiopentone, we waited at least 20 min 
after induction of anaesthesia before recording the 
VEP. Systemic arterial pressure was maintained 
within +25 % of the value before operation [13]. 

Our study showed that the amplitude of the 
P100 significantly decreased with administration 
of enflurane. This finding is similar to that of 
Raitta, Karhunen and Seppalainen, who demon- 
strated that 2% enflurane and 66% nitrous oxide 
in oxygen decreased the amplitude of the VEP 
[14]. They found that latencies of the VEP 
increased with 2% enflurane in 66% nitrous 
oxide, although the increase was not statistically 
significant. In figure 1, decreased amplitudes of 
the VEP peaks during enflurane administration, 
especially those of longer latencies, make the VEP 
recording look different from that of the control. 


165 


However, the peaks of longer latencies beyond 
P100 are thought to have little significance in 
interpretation of the VEP. Our study showed that 
the latency of the N70 increased with enflurane. 
The latency of the P100 increased also with 
enflurane in concentrations greater than the MAC 
value. Effects of enflurane on the VEP appear to 
be similar to those recorded using isoflurane. Chi 
and Field reported that isoflurane increased the 
latencies and decreased the amplitudes of the VEP 
[15]. When compared with a high dose of fentanyl 
(up to 60 ug kg!) which causes a 30% decrease 
in amplitude of P100 without significant changes 
in latencies [16], VEP is vulnerable to the effects 
of enflurane and isoflurane. Marked flattening of 
the VEP peaks during enflurane or isoflurane 
anaesthesia make interpretation of the VEP 
difficult. This supports clinical use of opioid 
anaesthesia during surgery in preference to in- 
halation anaesthesia when VEP is monitored. 

Keenan and colleagues monitored VEP during 
cardiopulmonary bypass with hypothermia to 18.8 
°C in spite of a major decrease of amplitudes and 
increase of latencies when opioid anaesthesia was 
used [5]. If enflurane is used, the VEP changes 
caused by enflurane will be added to the changes 
of hypothermia which will make interpretation of 
the VEP difficult. Detection of awareness during 
cardiopulmonary bypass is also probably not 
possible with VEP monitoring. Changes in laten- 
cies and amplitudes of the VEP with various 
enflurane concentrations are not significant except 
for the latency of the P100 at a concentration of 
2.7% compared with those at 1.8% and less. 
Therefore, VEP would not be useful in moni- 
toring depth of enflurane anaesthesia. We did not 
see any increase in the amplitudes of the VEP as 
reported by Burchiel and colleagues [17], possibly 
because of the lower concentrations of enflurane 
administered in our study. 
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OXYGEN SATURATION DURING INHALATION 
INDUCTION WITH HALOTHANE AND ISOFLURANE IN 
CHILDREN: EFFECT OF PREMEDICATION WITH RECTAL 


THIOPENTONE 


S. RAFTERY AND D. WARDE 


SUMMARY 


Anaesthesia was induced by inhalation in 100 
children using nitrous oxide in oxygen supple- 
mented by either halothane or isoflurane, with or 
without rectal thiopentone premedication. Res- 
piratory problems occurred more frequently in 
the unpremedicated isoflurane group, resulting 
in significant reductions in oxygen saturation. 
Premedication reduced the frequency of these 
complications, and oxygen saturation was 
usually maintained. 


KEY WORDS 


Anaesthetics volatile: halothane, isoflurane. Anaesthesia: 
paediatric. Oxygen saturation. 


Induction of anaesthesia using an inhalation tech- 
nique is appropriate in young children who may 
become distressed by repeated attempts at venous 
cannulation. Halothane is used commonly for this 
purpose, with induction usually being rapid and 
smooth [1]. However, this agent is associated with 
myocardial depression and arrhythmias [1l, 2]. 
Isoflurane is metabolized to a lesser extent and 
tends to maintain cardiac output and rhythm [3, 
4]. Two recently published studies [5, 6] have 
shown that isoflurane is associated with a greater 
incidence of hypoxia during inhalation induction 
of unpremedicated children compared with halo- 
thane. We wished to determine if premedication 
alters the incidence of respiratory complications 
and hypoxia during inhalation induction of anaes- 
thesia with either of these agents. 


PATIENTS AND METHODS 


We studied 100 healthy children weighing less 
than 20 kg, aged between 1 and 6 yr, who had not 


been exposed to halothane within the previous 6 
months. Institutional Ethics Committee approval 
was given for the study and informed parental 
consent was obtained in each case. 

Children were randomly allocated to one of 
four groups. Group NH (n = 24) received no 
premedication and halothane was used for in- 
duction. Group NI (n = 25) received no pre- 
medication and isoflurane. Groups TH (n = 27) 
and TI (n = 24) were given 40% thiopentone 
suspension 30 mg kg™ per rectum 30 min before 
induction with halothane or isoflurane, respect- 
ively. Premedication was administered in a paedi- 
atric surgical ward, the buttocks were taped 
together, and the child was transferred immedi- 
ately to the adjacent theatre suite to be observed 
continuously by an experienced member of the 
nursing staff. 

In each patient the anaesthetic was admin- 
istered by the same anaesthetist (D. W.) who had 
experience of use of both agents for inhalation 
induction in children for some years. Recordings 
were made by an independent observer (S.R.) 
who was blinded to the anaesthetic used. 

Before induction, each patient’s sex, age, weight 
and demeanour were noted. Preoperative arterial 
oxygen saturation (Sao,) was recorded for 1 min 
after steady readings were obtained using a 
Critikon Oxyshuttle pulse oximeter probe attached 
to the hallux. The anaesthetist was unaware of the 
oximeter display and audio signals, but was 
informed if Sao, decreased to less than 80%. 
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TABLE I, Patient characteristics : age, weight (mean (SEM)) and sex distribution. No significant differences 
between groups 

Age Weight Sex 
Group (months) (kg) M/F 
NH = No premed. /Halothane (7 = 24) 35 6 (14.8) 14.4 (3.5) 15/9 
NI = No premed./Isoflurane (n = 25) 39.6 (15.0) 15.5 (2.3) 20/5 
TH = Thiopentone/Halothane (n = 27) 36.7 (17.1) 13.7 (3.0) 20/7 
TI = Thiopentone/ Isoflurane (n = 24) 34.5 (13.8) 14.1 (2.4) 14/10 


TABLE II. Preoperative demeanour and Sao, (median (range)). All differences between groups significant 
(P < 0.00 


Groups Drowsy 
Unpremedicated (n = 49) 0 
Premedicated (n = 51) 47 


Anaesthesia was induced with 60% nitrous 
oxide and the anaesthetic in oxygen. An Ayre’s 
T-piece with Jackson—Rees modification was used 
with a fresh gas flow sufficient to prevent 
rebreathing. The initial inspired concentration of 
the vapour was 0.5%, and this was increased by 
0.5% every 10 breaths up to a maximum of 4%. 
Initially, the anaesthetic mixture was admin- 
istered with the aid of a cupped hand over the 
child’s mouth and nose; when the eyelash reflex 
had disappeared, an anaesthetic face-mask of 
appropriate size was applied. Induction was 
judged to be complete when the child was 
unconscious and breathing regularly, with eyes 
fixed and central, and pupils constricted. 

Sao, heart rate, inspired anaesthetic concen- 
tration and stage of anaesthesia were recorded 
every 15s. Any events of bradycardia, struggling, 
breath-holding, coughing or laryngospasm were 
recorded, together with the lowest associated 
Sao, Time taken to induce anaesthesia was 
noted. 

Parametric data (age, weight) were tested for 
statistical significance by analysis of variance; if al 
difference in the means was found, further 
analysis was carried out with Student’s unpaired t 
test. The Kruskal-Wallis and Wilcoxon Rank 
Sum tests were used for non-parametric data 
(Sao, induction time). The chi-square test 
with Yates’ correction and Fisher’s exact test were 
used for nominal data (sex distribution, incidence 
of complications). P < 0.05 was taken as sig- 
nificant. 


` 


Demeanour 
Sao, 
Co-operative Crying (%) 
27 22 99 (97-100) 
0 4 97 (94-100) 


TABLE III. Number of patients attatning various lowest 
arterial oxygen saturations during induction. Figures tn 
parentheses represent the number of patients in each group (in 
whom minimum saturation was within the relevant range) with 


airway complications. * Median Say, sigmficantly different from 


group NH (P < 0.05) 
Sap, (%) 
Group 91-100 81-90 71-80 71 
NH (n = 24) 20 (5) 4 (-) ~~) om (=) 
NI (n = 25)* 15(5) 20 2 (2) 6 (6) 
TH (n = 27) 26 (3) 1 (1) -(¢) ~- (=) 
TI (n = 24) 21  -(-) 1 (1) 2 (2) 
RESULTS 


The four groups were similar in age, weight and 
sex distribution (table I). 

The premedicated children were almost all 
asleep or drowsy on arrival in the induction room, 
while those unpremedicated were all either calm 
and co-operative or crying (P < 0.005). Pre- 
medicated children had a lower Sap than 
unpremedicated (P < 0.005) (table IT). Group NI 
children displayed lower minimum oxygen 
saturation than those in any of the other groups 
(P < 0.005). There was no significant difference 
between the other three groups with regard to 
minimum Sap, (table III). 

Laryngospasm occurred in nine patients, all in 
group NI (P < 0.005), and in seven of these Sao, 
decreased to less than 91%. Isoflurane induction 
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TABLE IV. Incidence (n) of complications in those children 
whose Say, decreased to less than 91%, and associated median 
trough Sao, (in parentheses). tP < 0.05 for n, compared with 
group NI. *P < 0.05 for Sao, compared with pooled groups 














NH and TH 

NH NI TH TI 
Event m Sao, n Sag, m Sag, m Sap, 
None 3 (86) - _ zs 
Laryngospasm = 7 (63) - = 
Breathholding =- — — 1 (56) 
Coughing = 1 (89) 1 (86) 2 (64) 
Struggling 1 (88) 2 (80) - = 

k t t * 


TABLE V. Time taken to induce anaesthesia (median (range)). 
x Median time different from group NH (P < 0.005) 


Induction time 


Group (min) 
NH 7.25 (4.5-12) 
NI* 10.25 (6.25—18) 
TH 5.5 (3.5-7.75) 
TI 6.75 (4.25-14.5) 


was associated with more frequent and severe 
episodes of hypoxia, with concomitant laryngo~ 
spasm, coughing or struggling. When pre- 
medication was used, these episodes were less 
frequent, but Sap, decreased to similar values 
(table IV). 

Time taken to induce anaesthesia was longer in 
the unpremedicated isoflurane group than the 
other groups (table V) (P < 0.005). 


DISCUSSION 


Our work confirms previous findings [5, 6] 
demonstrating a high incidence of hypoxia during 
inhalation induction of anaesthesia in un- 
premedicated children with isoflurane, even when 
a slow induction technique was used by an 
experienced paediatric anaesthetist. 

The premedication regimen was effective (table 
II), but we were concerned to find that many of 
the premedicated children presented in the in- 
duction room with borderline hypoxia. While all 
unpremedicated children had an initial Sao, of 
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97% or greater, 10 of the premedicated subjects 
had an Sao, less than 97%. It must be concluded, 
therefore, that use of rectal thiopentone requires 
experienced supervision and immediate avail- 
ability of resuscitation equipment. 

The major finding of our study was that 
premedication with rectal thiopentone reduced 
the incidence of hypoxic episodes in children in 
whom anaesthesia was induced with isoflurane. 
Sa, decreased during airway complications such 
as laryngospasm or coughing, but in three patients 
(in group NH) hypoxia occurred in the absence of 
such complications. There was no significant 
difference in Sao, during induction between the 
premedicated isoflurane group and both halo- 
thane groups. The reduction in the number of 
hypoxic episodes in group TI was related possibly 
to the reduction in frequency of airway compli- 
cations (table IIT). 

We conclude that the frequency of hypoxia 
associated with inhalation induction of anaesthesia 
with isoflurane in children may be reduced by 
premedication with rectal thiopentone, at the cost 
of borderline hypoxia before induction. If iso- 
flurane is to be used for inhalation induction of 
anaesthesia in young children, we recommend 
that consideration should be given to the use of 
sedative premedication in order to reduce the 
incidence of hypoxia seen with this agent. 
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SPINAL ANALGESIA WITH PLAIN 0.5% BUPIVACAINE 
ADMINISTERED AT SPINAL INTERSPACE L2-3 OR L4-5 


K. H. OLSEN, T. H. NIELSEN, E. KRISTOFFERSEN, H. C. HUSEGAARD, 


M. WERNBERG AND J. DØRUP 


SUMMARY 


Forty patients (age range 60-79 yr) undergoing 
transurethral surgery were allocated randomly to 
receive 0.5% plain bupivacaine 4 ml at the L2-3 
(n = 20) or L4-5 (n = 20) space. The solution 
was injected over 30s with the patient in the 
sitting position. The patient was kept sitting for 
2 min, then placed supine and, 5 min later, placed 
in the lithotomy position. No significant dif- 
ferences were found in onset time, extent and 
duration of analgesia or duration of motor block. 


KEY WORDS 
Anaesthetic techniques: spinal. Anaesthetics local: bupi- 
vacaine. 


The use of isobaric solutions of bupivacaine for 
subarachnoid anaesthesia has been described 
previously [1-4]. The unpredictability of the 
extent and duration of the sensory block has been 
noted by many authors. Factors thought to 
influence intrathecal spread, such as total dose [5], 
volume [6, 7], patient position [8-10] and effect of 
baricity [11-14] have been studied. The im- 
portance of the site of injection is still contro- 
versial [6, 15, 16]. 

The purpose of our investigation was to 
compare the effects of the same volume and dose 
of plain bupivacaine injected two spinal spaces 
apart. 


PATIENTS AND METHODS 


We studied 40 male patients (age range 60-79 yr) 
scheduled for transurethral surgery under spinal 
anaesthesia. Informed consent was obtained from 
all patients, and the study was approved by the 
local Ethics Committee. Patients with neuro- 
logical or spinal disease were excluded. 


The patients were allocated randomly to one 
of two groups receiving 0.5% plain bupivacaine 
4 ml either at L2—3 (group A, n = 20) or at L4—5 
(group B, n = 20). Premedication was with di- 
azepam 5~10 mg by mouth 1-2 h before surgery. 
A peripheral i.v. cannula was inserted and 500 ml 
of isotonic saline infused rapidly before the 
subarachnoid injection. All injections were per- 
formed by an experienced anaesthetist with a 25- 
gauge spinal needle via a midline approach with 
the patient in the sitting position. The line joining 
the iliac crests was assumed to correspond with 
L3-L4 and the injections were performed one 
interspace above or below. The patients were kept 
sitting for 2 min, placed supine for 5 min and then 
placed in the lithotomy position. Systemic arterial 
pressure and heart rate were measured every 
5 min, and ECG was monitored continuously. 

The level of sensory analgesia was tested in the 
midline with the pinprick technique using a 
20-gauge needle and motor block was assessed by 
the “Bromage Scale” (scores 3—0) [17]. Testing 
was performed every 5 min for the first 30 min 
and thereafter every 30 min until sensory block 
had regressed below L1 and motor block was 
< 2. The trained investigator undertaking these 
tests was unaware of the injection space. 

Side effects were noted, and ephedrine 5 mg 
was given i.v. if systolic arterial pressure decreased 
more than 25%. 

Statistical analysis used Student’s t test; P < 
0.05 was considered significant. 
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SPINAL ANALGESIA AND SPINAL INTERSPACE 


RESULTS 


There were no differences between the two groups 
with respect to age, height and weight (table I). 

There were no significant differences between 
the groups with respect to onset time of analgesia 
at T12, mean time for maximum spread, maxi- 
mum cephalad spread (fig. 1) or duration of 
analgesia above T12 (table II). 


TABLE I. Patient data (mean (SD)) 








Group A: L2-3 Group B: L45 
Age (yr) 67.8 (5.3) 70.3 (4.9) 
Height (cm) 171.9 (5.0) 173.3 (5.8) 
Weight (kg) 72.7 (11.6) 76.3 (12.2) 
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Fic. 1. Spread of analgesia after intrathecal injection of 0.5% 

plain bupivacaine 4 ml. Solid vertical bars represent SEM, dot- 

ted vertical lines represent sD. —— = Injection level L2-3; 
———- = injection level L4—5. 
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Mean maximum sensory extent was T6.3 in 
group A and T6.8 in group B. Maximal extent of 
analgesia was T2 (one patient) in group A and T5 
in group B (four patients). Analgesia at T6 was 
attained in 10 of 20 patients in both groups. 

All patients had grade 3 motor block (fig. 2), 
attained 15 min after application of bupivacaine in 
85% of the patients in group A and in 65% in 
group B. Motor block was complete in all patients 
after 25 min. The mean duration of total paralysis 
was 195 min and 178 min in groups A and B, 
respectively. None of these differences was 


significant. 


Cardiovascular effects 


Within 30 min after administration of bupi- 
vacaine, the decrease in mean arterial pressure 
averaged 8% in both groups. Ephedrine 5 mg i.v. 
was given to two patients in each group because of 


a reduction in systemic arterial pressure of more 
than 25%. 
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Fic. 2. Percentage of patients obtaining motor block after 
intrathecal injection of 0.5% plain bupivacaine 4ml. W = 
Injection level L2-3; O = injection level L4—5. 


TABLE II. Onset treme, duration and extent of analgesia (mean (SD)) following the tnjection of 0.5% 


bupivacaine 4 ml at two spinal spaces 
Group A: L2-3 Group B: L4—5 P 
Onset time at T12 (min) 9.0 (6.0) 7.9 (4.2) 0.51 
Onset time for 22.3 (11.1) 27.9 (18.7) 0.26 
max spread (min) 
Duration > T12 (min) 161.3 (49.8) 169.5 (41.1) 0.66 
Mean cephalad spread T6.3 (2.2) T6.8 (1.7) 0.49 


(segment) 
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DISCUSSION 


The same volume and dose of bupivacaine 
injected at two different spinal spaces resulted in 
no significant differences with respect to cephalad 
spread and duration of analgesia and motor block, 
even though the injections were two spaces apart. 

Sundnes and colleagues [12] found no cor- 
relation between the site of injection and cephalad 
spread or onset time when comparing the effects 
of hyperbaric bupivacaine injected at different 
lumbar spaces. The injections were performed 
with the patients in the lateral position and the 
puncture site was not selected randomly. 

In three of their four groups, Logan, McClure 
and Wildsmith [6] used the same dose of bupi- 
vacaine as in the present study. One group 
received 0.75% bupivacaine 2.7 ml injected at 
L3-+4, the second group 0.5%, bupivacaine 4 ml 
at L3~4 and the third group 0.75% bupivacaine 
2.7 ml at L2—3. Maximum levels of analgesia were 
T9, T8 and T6, respectively, but the differences 
were not statistically significant. Systolic arterial 
pressure decreased more in patients in the L2-—3 
group than in the other two groups and, during 
the first 5 min but not subsequently, the onset of 
analgesia was faster. In contrast, although there 
were two interspaces between the injection site in 
the present study, we found no differences in 
arterial pressure. This apparent discrepancy, 
however, may be explained by the different 
concentrations of bupivacaine used and the dif- 
ferent position of the patients during lumbar 
puncture. 

The extent of analgesia after intrathecal in- 
jection is said to increase with age [18, 19]. In the 
study by Logan and colleagues [6] the patients 
were much younger than ours, but the extent of 
analgesia was comparable to our findings. This 
difference may be caused by the difference in 
position of the patients during injection and 
during operation. 
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DEPTH AND DURATION OF SKIN ANALGESIA TO 
NEEDLE INSERTION AFTER TOPICAL APPLICATION 


OF EMLA CREAM 


P. BIERRING AND L. ARENDT-NIELSEN 





SUMMARY 


We have determined the depth and duration of 
analgesia to needle insertion after topical ap- 
plication of EMLA cream (Eutectic Mixture of 
Local Analgesics). EMLA was applied for 30, 60, 
90 and 120min and the sensory and pain 
threshold depths were determined before an- 
algesia (1.0 and 1.9 mm, respectively) and up to 
4h after the cream was removed from the skin. 
The maximal depth of analgesia (approx. 5 mm) 
was observed 30 min after a 9O-min application 
and during the 60-min period after a 120-min 
application of EMLA cream, for both sensory and 
pain thresholds. For application times shorter 
than 120 min, the depth of analgesia increased 
during the period after removal of the cream. This 
suggests new guidelines for the use of this 
topical analgesic. 


KEY WORDS 


Anaesthesia local topical lignocaine/prilocaine. Anaes- 
thesia. duration. 


Discomfort or pain induced by insertion of 
needles for venepuncture may be alleviated by 
topical application of EMLA cream (Eutectic 
Mixture of Local Analgesics) [1]. Additional 
clinical applications include donor site analgesia 
for split skin grafting, removal of molluscum 
contagiosum, tattoos, and warts [2—4]. Juhlin, 
Evers and Broberg [2] reported that pain was felt 
when skin biopsies were obtained with EMLA 
analgesia, whereas superficial cutting could be 
performed without pain. Because EMLA provides 
analgesia for venous cannulation [5, 6] it follows 
that analgesia must extend as deep as the sub- 
cutaneous vessels. In the present study we have 
determined the depth of analgesia to controlled 


needle insertions after different times of appli- 
cation of EMLA. 

Recently, Arendt-Nielsen and Bjerring [7] used 
an argon laser for cutaneous pain stimulation 
before and after EMLA analgesia. A period of 
2h of EMLA application was comparable to 
lignocaine infiltration in abolishing laser induced 
pain. After the cream had been applied for 15, 30, 
60 and 80 min, maximal alleviation of the laser- 
induced pain occurred 30-60 min after removal. 
Similar observations were made by Evers and 
colleagues [8], who found that pain alleviation to 
pinprick increased 30—60 min after removal of the 
cream. This delayed analgesic effect was examined 
also in this study to see if it also affected depth of 
analgesia. 


SUBJECTS AND METHODS 


Volunteers 


Twelve healthy volunteers (seven female) aged 
24-28 yr (mean 25.7 yr) participated in this study. 
All volunteers gave informed consent according to 
the Helsinki Declaration. 


Application of EMLA cream 
EMLA cream 5 g (Astra, Södertälje, Sweden) 


‘was applied on four encircled (12 cm?) test areas 


on the dorsal side of the middle part of both 
forearms (hairy skin) under an impermeable 
plastic occlusion dressing (Tegaderm). Appli- 
cation time was 30, 60, 90 or 120 min. Ad- 
ditionally, two test areas were selected, one for 
application of placebo cream and one for control 
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(Tegaderm only). The test sites were selected 
randomly on each forearm and separated by 5 cm. 
The investigator was blinded with respect to 
application times and individual test areas. 


Sensory and patn threshold depth determination 


Immediately after removal of the occlusive 
bandages and creams, an i.v. needle (18-gauge) 
was inserted perpendicularly through the anaes- 
thetized skin until a perception of pressure or 
touch was felt. This depth was defined as the 
sensory threshold depth. The needle was inserted 
further until pain was perceived (the pain thres- 
hold depth). For all test areas, needle insertions 
were made at 30-min intervals up to 4h after 
cream removal. For each insertion, a new site was 
chosen inside the test area. Also, threshold depths 
were measured in non-treated adjacent control 
areas. The threshold depths are given as per- 
centage increase of the adjacent, non-treated 
control area. 


Needle depth measurement 


The needle insertion depth was measured by a 
micrometer gauge with a resolution of 0.1 mm. 
The fixed part of the micrometer gauge was 
attached to a circular plastic plate (3cm in 
diameter), which was resting with standardized 
pressure (200 g) on the skin surface. A sterile 
disposable 18-gauge needle for i.v. cannulation 
was attached to the moving end of the gauge. 
The needle was inserted slowly (approximately 
0.5 mm s7') and perpendicular to the skin surface 
through a hole in the centre of the plate, and 
protrusion into the skin was monitored con- 
tinuously with the gauge. 
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Skin thickness 


Skin fold thickness was measured by a calliper. 
The skin thickness was calculated as 50 % of skin- 
fold thickness. All measurements were performed 
before analgesia. The mean of four measurements 
was calculated. 


Statistics 
Data were analysed by Wilcoxon’s test. A 


probability of less than 5% was considered 
significant. 


RESULTS 
Skin thickness 


The skin thickness was found to be slightly 
thicker (mean 3.35 (sp 0.70) mm) for the proximal 
areas than for the intermediate (mean 3.15 (0.62) 
mm) and the distal (mean 2.98 (0.55) mm) test 
areas (ns). Any possible differences in absorption 
characteristics of analgesics because of these 
differences were minimized by randomization of 
the application sites (table I). 


Changes tn sensory and pain threshold depths in 
relation to thresholds before EMLA application 


The mean depths of sensory and pain thresholds 
for the placebo areas were 1.00 (0.20) mm, and 
1.88 (0.60) mm, respectively (table I). The mean 
depths of sensory and pain thresholds for the non- 
treated control areas were 0.98 (0.24) mm and 
1.82 (0.60) mm, respectively (table I). These 
depths represent a combination of the needle’s 
indentation of the skin surface because of mech- 


TABLE I. Sensory and pain thresholds (mean (SD)) tn the control, placebo and EMLA test sites, together 

with the skin thickness. The depths are measured immediately after removal of the cream. For EMLA 

cream the values are given for 30, 60, 90 and 120 nun of application. Only at 90 and 120 min, the pain 
threshold exceeded the mean skin thickness (*). n = 12 volunteers 


Thresholds 

Skin 
Sensory Pain thickness 

(mm) (mm) (mm) 
Control 0.98 (0.24) 1.82 (0.60) 3.15 (0.65) 
Placebo 1.00 (0.20) 1.88 (0.60) 3.03 (0.70) 
EMLA 30 1.30 (0.53) 2.30 (0.82) 3.20 (0.55) 
EMLA 60 1.88 (0.48) 3.11 (0.73) 3.30 (0.60) 
EMLA 90 2.18 (0.87) 4.15 (1.40)* 3.20 (0.66) 
EMLA 120 3.08 (0.69) 5.25 (1.50)* 3.24 (0.50) 


—_ 
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anical pressure and the depth of needle pen- 
etration into the epidermis before any sensory or 
pain receptors are activated. The thresholds did 
not vary after different application times. The 
sensory and pain threshold depths measured 
immediately after removal of EMLA increased 
linearly for increasing application time (30, 60, 90 
and 120 min) (fig. 1, table I). High correlation 
coefficients (r>0.9) were obtained between 
threshold depths and application time. 


Depth (mm) 
O = wo oO A Q 





0 60 
Application time (min) 


Fic. 1. Changes in depth of sensory (C) and pain (W) 

thresholds immediately after rernoval of EMLA cream fol- 

lowing different application times. The thresholds before ap- 

plication of EMLA cream are shown on the ordinate (mean 

values for 12 volunteers). *Statistically different from the in- 
itial values. 
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After 90 and 120 min of EMLA application, the 
mean pain threshold depth exceeded the mean 
skin thickness (table I). After EMLA application 
for 30min a significant increase in sensory 
threshold depth occurred 60 min after removal of 
EMLA. The mean pain threshold depth was 
increased significantly 30 min after cream re- 
moval, and reached maximal depth 90 min after 
removal. Both sensory and pain threshold depths 
were increased significantly up to 180 min after 
EMLA cream removal (fig. 2). 

After application of EMLA for 60 min, the 
sensory and pain threshold depths increased 
significantly immediately after removal of cream. 
The maximal threshold depths occurred 30 min 
after cream removal. The sensory and pain 
threshold depths were significantly increased for 
210 min and 240 min after cream removal. 

After the 90-min application, the depth thres- 
holds were increased significantly immediately 
after cream removal. This was maintained until 
240 min after cream removal. Maximal depth of 
thresholds occurred 30 min after the cream was 
removed from the skin. 

After a 120-min application period, the mean 
pain threshold depth exceeded the skin thickness, 
and in three of 12 volunteers, the needle touched 
or penetrated the fascia of the underlying muscle 





O 60 120 180 240 300 360' 


Time (min) 


Depth (mm) 
O =a NG Bp M 
2000086 85 


O 60 


120 180 240 300 360 
Time {min} 


0.0 
O 60 120 180 240 300 360 
Time (min) 





O 60 120 180 240 300 360 


Time (min} 


Fic. 2. Sensory (C) and pain (WE) threshold depths to needle insertion before and after 30, 60, 90 and 
120 min of application of EMLA cream (hatched area) (mean of 12 volunteers). *Statistically different 
from the initial values. 
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before pain was evoked. All depths measured after 
EMLA for 120 min were significantly increased. 


Changes tn sensory and pain threshold depths in 
relation to thresholds immediately after removal of 
EMLA cream 


After removal of EMLA cream, analgesia 
progressed further down into the deeper layers of 
the skin and caused delayed maximal depth of 
analgesia (fig. 2). Sixty minutes after removal of 
the cream applied for 30 min, the sensory thres- 
hold depth increased significantly (53%) com- 
pared with threshold depth immediately after 
removal of the cream. The corresponding increase 
in pain threshold depth was 27% (ns). Thirty 
minutes after removal of the cream applied for 
60 min, the sensory threshold depth increased sig- 
nificantly (37%) compared with the values ob- 
tained immediately after removal of the cream. 
The corresponding significant increase in pain 
threshold depth was 38%. Thirty minutes after 
the cream was removed after a 90-min application, 
the sensory and pain threshold depths were 
increased by 25 % (ns) and 16% (ns), respectively. 
Only the sensory threshold depth increased 
slightly (7%, ns) 30 min after a 120-min appli- 
cation. 


DISCUSSION 

Dynamics of EMLA cream analgesia 

The increase in depth of analgesia for increasing 
application times found in this study may be 
influenced by several factors: 
(1) Cutaneous blood flow, where increased values 
tend to decrease anaesthetic depth by a washout 
effect. 
(2) Epidermal and dermal thickness which affect 
the diffusion distance. 
(3) History of atopic dermatitis. Patients with 
atopic dermatitis showed a shorter onset of 
analgesia even on non-eczematous skin after 
application of EMLA cream [9]. In atopics, the 
skin is more permeable to the cream, and 
subsequently needs shorter application times [9]. 
(4) When applied to the skin, EMLA cream 
presumably forms a depot of analgesics in the 
skin. The delayed increase of analgesia depth after 
EMLA application may indicate that a reservoir 
of analgesics is deposited and stored in the upper 
skin layers. After the cream has been removed, 
diffusion to the deeper skin layers may continue 
and the analgesics may accumulate in different 
components of the lower skin layers. 
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Also, a possible uptake or even transport of 
analgesics in the nervous tissues may be important 
in the delayed increase of effect. 

Recently, it has been shown that sensory and 
pain thresholds to argon laser stimulation in- 
creased for a period of 30-60 min after EMLA 
was removed [7]. This supports the present 
findings of a maximal depth of analgesia 30- 
60 min after EMLA cream was removed from the 
skin surface. 

Evers and colleagues [8] evaluated the pain 
score to superficial minor pinprick (27-gauge 
needle) after 30 and 60 min of application of 
EMLA cream. Pain alleviation improved sig- 
nificantly 30-60 min after removal of the occlusive 
bandages and cream. 

The delayed anaesthetic effect may be used 
clinically by outpatients before laser treatment of 
haemangiomas. In our department, patients apply 
EMLA cream for 1~—1.5 h at home and remove the 
cream before leaving for the clinic. During 
transportation to the hospital, the analgesic effici- 


.ency increases [7]. The delayed effect is not only 


a superficial phenomenon [7] but has been shown 
in this study to occur in the deeper skin layers and 
subcutaneous tissue. 


Duration of EMLA cream analgesia 


The anaesthetic effect was studied 4h after 
EMLA was removed. This study confirms pre- 
vious observations [7] that application for 1h, 
followed by immediate venous cannulation or 
minor surgery, might not be the optimal EMLA 
regimen for alleviation of pain. In contrast with 
the present findings, Ehrenstrom-Reiz, Reiz and 
Stockman [4] demonstrated a minimal effective 
EMLA application time of 45 min in adults. For 
the application times investigated, we found that 
the optimal conditions (maximal depth of an- 
algesia) were obtained 30 min after a 90-min 
application or during the 60-min period after a 
120-min application. In three cases the depth of 
needle insertion exceeded the measured skin 
thickness and reached the underlying muscle 
fascia. This caused a sharp radiating pain per- 
ception such as occurs with insertion of an 
acupuncture needle into a muscle [10]. 


Penetration of EMLA cream and effect on nerve 
fibres tn the skin 


Insertion of needles through intact skin can 
elicit neural activity in four ways: 
(1) Activation of pressure sensitive (Ruffini) end- 
ings [11]. 
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(2) Activation of movement-sensitive hair follicle 
receptors (Pacinian corpuscles) located in dermis 
or in the subcutaneous layers [11]. 

(3) Direct activation of the single nerve twigs 
innervating the mechanoreceptors may occur also 
by direct pressure from the needle during in- 
sertion. 

(4) The perception of pain of needle insertion 
may arise from direct activation of the polymodal 
nociceptors, because they are activated by heat or 
intense mechanical pressure [12]. This is, how- 
ever, not assumed to be the primary reason for 
pain in the present study, because the polymodal 
nociceptors are located mainly superficially, close 
to the dermal—-epidermal border. The epidermal 
thickness on the flexor forearm is reported to be 
0.06 mm [13], but we found a pain threshold depth 
of 1.85 mm on normal non-treated control skin. 

Pain is assumed therefore to arise from direct 
pressure activation of the single nociceptive fibres. 
Another factor responsible for pain might be the 
release of prostaglandins or algesic peptides fol- 
lowing the needle-induced cellular damage. 

In the period following a 30-min application of 
EMLA, we observed a significant increase in pain 
threshold depth 30 min before the sensory thres- 
hold depth increased. It is well established that 
lignocaine blocks the formation and transmission 
of action potentials in small fibres before large 
‘ones. Our observation also indicates that, al- 
though pain is elicited directly from nerve fibres 
situated deeper in dermis than the mechano- 
receptors (the pain threshold is reached deeper 
than the sensory threshold), these fibres are 
blocked before the more superficially located 
mechanoreceptors. The concentration of anal- 
gesics 1.85 mm below the skin surface is therefore 
sufficient to affect the small nociceptive fibres, and 
the higher concentration only 0.99 mm below the 
surface is sufficient to affect the larger fibres 
supplying the mechanoreceptors. 
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SPINAL ANAESTHESIA IN YOUNG PATIENTS USING 

A 29-GAUGE NEEDLE: TECHNICAL CONSIDERATIONS 
AND AN EVALUATION OF POSTOPERATIVE COMPLAINTS 
COMPARED WITH GENERAL ANAESTHESIA 


J. B. DAHL, P. SCHULTZ, E. ANKER-M@LLER, E. F. CHRISTENSEN, 
H. G. STAUNSTRUP AND P. CARLSSON 


SUMMARY 


One hundred patients aged 18-49 yr, under- 
going elective arthroscopy of the knee joint, 
were allocated randomly to either spinal an- 
aesthesia using a 29-gauge spinal needle or 
general anaesthesia. Dural puncture was con- 
sidered difficult in 18% of the patients receiving 
spinal anaesthesia. In three patients (6%) it was 
necessary to supplement the spinal anaesthetic 
with general anaesthesia. Spinal and general 
anaesthesia were otherwise uneventful in all 
patients. The incidence of postoperative head- 
ache was similar in the two groups. One patient 
developed post dural puncture headache fol- 
lowing spinal anaesthesia. This headache was of 
short duration and disappeared without treat- 
ment. Spinal anaesthesia caused more backache 
than general anaesthesia, otherwise the fre- 
quency of postoperative complaints was the 
same or lower. Ninety-six percent of the patients 
receiving spinal anaesthesia would prefer the 
same anaesthetic for a similar procedure in the 
future. 


KEY WORDS 


Anaesthetic techniques. spinal, inhalation., Complications. 
headache, backache. 


The clinical applicability of spinal anaesthesia in 
younger patients is controversial, primarily be- 
cause a high incidence of post dural puncture 
headache (PDPH) has been reported [1, 2]. The 
incidence of PDPH is related to the diameter of 
the spinal needle [3—6]. The use of extreme fine 
cannulae, however, may be associated with tech- 
nical problems [4, 7]. 


The purpose of the present investigation was to 
compare spinal anaesthesia using a 29-gauge 
needle with general anaesthesia in younger 
(< 50 yr) patients. Special attention was paid to 
difficulties in performing the spinal block and to 
postanaesthetic complaints. 


PATIENTS AND METHODS 


We studied 100 ASA group I or II patients (aged 
18-49 yr) undergoing elective arthroscopy of the 
knee-joint. All gave informed consent in ac- 
cordance with the Helsinki IT declaration, and the 
investigation was approved by the regional Ethics 
Committee and the Danish National Health 
Service. 

Premedication consisted of diazepam 0.25 mg 
kg"! given orally. On arrival in the operating 
theatre, the patients were allocated randomly to 
receive either spinal or general anaesthesia, All 
patients had an i.v. infusion, and a preload of 
isotonic saline 8-10 ml kg was given before 
induction of anaesthesia. 


Spinal anaesthesia 

Dural puncture was performed at the L2-3, 
L3—4 or L45 space with the patient in the sitting 
or lateral position. A 20-gauge spinal needle 
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introducer (Braun, W. Germany) was advanced 
into the interspinous ligament and a 29-gauge 
spinal needle (Becton and Dickinson, U.S.A.) was 
inserted through the introducer. Correct position 
of the spinal needle was verified by aspiration of 
cerebrospinal fluid with a 2-ml syringe attached to 
the needle. Spinal anaesthesia was achieved with 
isobaric 0.5% bupivacaine 3.5 ml. 

Technical problems and difficulties with identi- 
fication of the subarachnoid space were noted. 

Hypotension (systolic arterial pressure < 75% 
of the original value) was treated with infusion of 
isotonic sodium chloride 300-500 ml i.v. and, if 
this was not effective, ephedrine 5 mg i.v. was 
given in addition. Atropine 0.5 mg i.v. was given 
if the episode was associated with bradycardia. 
After operation, horizontal bed rest was not 
applied, and the patients were encouraged to get 
out of bed as soon as the motor block had 
disappeared. 


General anaesthesia 


All patients received atropine 0.4-0.7 mg i.v. 
Anaesthesia was induced with thiopentone 
4-6 mg kg! and pethidine 0.4-0.5 mg kg. Atra- 
curium 0.4-0.6 mg kg~ was used to facilitate oral 
intubation with a silicone tracheal tube (Bivona, 
U.S.A.) and the lungs were ventilated manually 
with positive pressure ventilation. Anaesthesia 
was maintained with 0.8-1.5% enflurane and 
60% nitrous oxide in oxygen supplemented with 
increments of thiopentone 25—50 mg and pethi- 
dine 10-25 mg when necessary. 


Postoperative complaints 


One week after operation the patients were 
interviewed by one of the authors (J. B.D. or 
P. S.) and complaints were elicited by direct ques- 
tioning. A standardized questionnaire was used, 
and not until this time was special attention paid 
to the occurrence of postoperative headache and 
backache. The person performing the assessments 
was not blind to the treatment group. 

The patients were questioned for tendency 
to daily headache and backache. The incidence, 
severity (graded on a verbal scale: severe- 
moderate—light), dependence on posture, duration 
(hours), localization and character of post- 
operative headache were recorded, with associated 
symptoms (blurred vision, tinnitus, dizziness). In 
the same way, the severity, localization and 
duration of postoperative backache was assessed 
on a graded scale. Finally, an enquiry (yes/no) on 
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TABLE I. Chmeal data (mean (SEM) [ranges]). No ngnificant 
differences between the two groups (P < 0.05) 


Spinal General 
anaesthesia anaesthesia 
(n = 50) (n = 46) 
Sex (M/F) 38/12 40/6 
Age (yr) 29 (1.1) [18-48] 29 (1.2) [18-49] 
Height (cm) 180 (1) [168-197] 179 (1.1) [156-190] 
Weight (kg) 76 (2) [52-117] TI (1.5) [57-115] 
Duration of 42 (3.3) [15-140] 41 (3.2) [15-105] 
surgery (min) 


several common postoperative complaints was 
performed. 

The patient’s satisfaction with the anaesthetic 
was rated on a verbal scale (completely satisfied— 
satisfied — less satisfied — not satisfied) and the 
patients were asked which type of anaesthesia 
they would prefer if necessary in the future. 

The Mann-Whitney U test and Fisher’s exact 
test was used to evaluate statistical significance; 
P < 0.05 was considered significant. 


RESULTS 


Fifty patients were allocated to spinal anaesthesia 
and 50 to general anaesthesia. Four patients 
receiving general anaesthesia were lost to follow 
up and were therefore excluded from the study. 
The groups were similar with regard to sex ratio, 
age, height, body weight and duration of surgery 
(table I). 


Spinal anaesthesia 

Spinal anaesthesia was successful in 47 of 50 
patients (94%). Of the remaining three patients, 
one had total absence of spinal block and one had 
insufficient block; both these patients were given 
general anaesthesia. The third patient had a 
sufficient spinal block which had to be supple- 
mented with general anaesthesia because of the 
patient’s anxiety. In table II, technical data 
concerning the spinal anaesthetics are listed. 

During spinal anaesthesia, the patients received 
948 (SEM 45) ml of isotonic saline i.v. Hypo- 
tension was observed in four patients; one patient 
received one dose of ephedrine 5 mg i.v. and one 
patient one dose of atropine 0.5 mg i.v. 

The patients were mobilized 9.1 (0.8) h after 
operation and 84% were discharged from hospital 
on the day after surgery. 
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General anaesthesta 


General anaesthesia was uneventful in all 
patients. The accumulated doses of i.v. thio- 
pentone and pethidine were 7.8 (0.3) mg kg™ and 
1.0 (0.04) mg kg}, respectively. Six patients re- 
ceived neostigmine 2.5 mg—atropine 1.0 mg to 
antagonize residual neuromuscular block. Patients 
received 970 (44) ml of isotonic saline i.v. and 
were mobilized 7.6 (0.7) h after operation; 84% 
were discharged from hospital on the day after 


surgery. 


Tans II. Techmecal variables, spinal anaesthesta (50 patients) 
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Postoperative complaints 

The interview 1 week after surgery did not 
demonstrate any difference between the two 
groups with regard to frequency, intensity or 
duration of daily headache or backache. 

The incidence of postoperative complaints 
including headache and backache are listed in 
table III, and clinical features of the individual 
headaches in tables IV and V. Following spinal 
anaesthesia, only one case of headache was 


Tape III. Postoperative sequelae following spmal and general 
anaesthesia. “Three patients allocated to spinal anaesthesia 
received general anaesthesia because of innuffictent sptnal block 


No. patients or anxiety 
Number of attempts Spinal General 
at dural puncture: anaesthesia anaesthesia 
1 39 (n = 47*) (n = 46) P 
2 7 
>2 4 Headache 5 (11%) 7 (15%) 0.76 
Puncture of dura with 0 Backache 12 (26%) 2 (4%) 0.007 
introducer needle Muscle aches 2 (4%) 6(13%) 0.15 
Aspiration of CSF possible 50 or stiffness 
Identification of subarachnoid 9 ' Drowsiness 7 (15%) 14 (30%) 0.08 
space difficult Sore throat 3 (6%) 11 (24%) 0,02 
Number of patients requiring general 3 Nausea 3 (6%) 10 (22%) 0.04 
anaesthesia Vomiting 1 (2%) 3 (7%) 0.11 
TABLE IV. Cliimcal features of individual postoperative headaches following spinal anaesthesia 
No. of 
attempts 
Patient Age at dural “Normal” Duration Accompanying 
No. (yr) Sex puncture Intensity headache? (h) Positional? symptoms 
8 31 M 1 Severe No 96 Yes None 
9 45 M 3 Moderate Yes 144 No None 
33 35 M 2 Light No 48 No Nausea 
44 26 M l Severe No 1 No None 
93 42 M 2 Moderate Yes 2 No Nausea 
TABLE V. Clinical features of tndividual postoperative headaches following general anaesthesia 
Patient Age “Normal” Duration Accompanying 
No. (yr) Sex Intensity headache? (h) Positional ? symptoms 
2 29 F Moderate Yes 120 No None 
19 18 M Light No 72 No None 
32 34 F Light No 168 No Nausea 
35 23 F Light No 168 No None 
51 20 M Moderate Yes 6 No None 
68 22 M Severe No 24 No None 
79 31 M ~ Light Yes 36 No None 
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positional (95% confidence limits 0.1-11.3%). 
This headache disappeared without treatment. 

Backache occurred significantly more often 
after spinal anaesthesia than after general an- 
aesthesia (table III). All cases of backache fol- 
lowing spinal anaesthesia were classified as 
“light”, with a duration of 2 days (range 1-9 
days). Radiating pain to the extremities was not 
observed. Following general anaesthesia, one case 
of backache was classified as “pronounced” and 
one as “light’’. Both had a duration of 2 days. 

No significant difference between the two 
groups was observed with respect to the patient’s 
satisfaction with the anaesthetics (P > 0.05). In 
the spinal and general anaesthesia group, 96% 
and 57% of the patients, respectively, expressed 
their preference for the same anaesthetic on a 
future occasion (P < 0.05). 


DISCUSSION 


The use of extremely fine cannulae for dural 
puncture has been reported to present technical 
problems [4, 7]. In the present study, positioning 
of the needle in the subarachnoid space was 
difficult in nine patients (18%). The use of an 
introducer needle carries the risk of accidental 
dural puncture with the introducer [4, 7], but this 
did not occur in our study. Although the local 
anaesthetic agent was injected only when spinal 
fluid could be aspirated, the spinal block was 
insufficient or lacking in two patients. This could 
have been a result of displacement of the needle 
during injection. The observed overall failure rate 
of 6% (if defined as the need to use general 
anaesthesia) is similar to the results of a recent 
investigation with 29-gauge needles [4]. However, 
the rate of failed blocks is not increased in 
comparison with rate of failure of 3-17 % reported 
in recent studies using larger (22-25-gauge) 
needles [8-10]. 

No significant differences between the groups 
were observed regarding incidence, duration or 
intensity of postoperative headache. The fre- 
quency of postoperative headache may be influ- 
enced by several factors [11]. In the present study, 
all patients had the same type of surgery and were 
treated similarly except for the choice of an- 
aesthetic. In addition, the patients were informed 
before operation that postoperative comfort/ 
discomfort in general was to be studied, and only 
at the postoperative interview was special at- 
tention paid to headache. This may explain the 
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similar incidence observed in the two groups. The 
present study, in which only one case of headache 
after spinal anaesthesia was classified as post dural 
puncture headache—(PDPH) aggravated by the 
erect or sitting position, relieved by lying flat— 
confirms earlier observations that the incidence of 
PDPH is very low after spinal anaesthesia with 
29-gauge needles [4]. 

Pain in the lower back is the most frequent 
postoperative complaint following spinal anaes- 
thesia, with a reported incidence of 2-25 % [12]. 
It is attributed usually to muscular and liga- 
mentous relaxation, to direct trauma to various 
back structures by the spinal needle, or both. 
However, backache may follow any operative 
procedure and earlier studies have suggested that 
the incidence of backache is similar after spinal 
and general anaesthesia [12, 13]. In the present 
study, significantly more cases of backache were 
observed after spinal than after general anaes- 
thesia, but the discomfort was of short duration 
and did not interfere with normal activities. 

The incidences of other minor sequelae were 
similar in both groups, except for sore throat and 
nausea which, as expected, were significantly 
more frequent following general anaesthesia. 

The patients were very satisfied with spinal 
anaesthesia and 96%, including the patient with 
PDPH, would prefer the same anaesthetic for a 
similar procedure in the future. 

The results of this study suggest that spinal 
anaesthesia with a 29-gauge spinal needle is a 
useful alternative to general anaesthesia in young 
adults scheduled for elective arthroscopy of the 
knee-joint. 
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COMPARISON OF COMPLICATIONS ASSOCIATED WITH 
SINGLE-HOLED AND MULTI-HOLED EXTRADURAL 


CATHETERS 


L. M. M. MORRISON AND A. S. BUCHAN 


SUMMARY 


Adverse events associated with single-holed and 
multi-holed extradural catheters were compared 
in obstetric practice. Two hundred and forty-five 
patients were given an extradural block using a 
single-holed catheter and 229 received a block 
via a multi-holed catheter. There was no dif- 
ference in the incidence of major side effects. 
Flow of fluid under gravity in the catheter was 
restricted significantly more often in the single- 
holed catheters. Blood was found significantly 
more often in the multi-holed catheters. 


KEY WORDS 


Anaesthetic techniques’ Extradural. Complications. Equip- 
ment: catheters, extradural. 


There are two main types of extradural catheter in 
common use in obstetric practice: the single- or 
end-holed catheter and the multi- or side-holed 
catheter. Those who prefer the single-holed 
catheter feel that it is safer because malposition is 
discovered more quickly [1]. Supporters of multi- 
holed catheters argue that these are less likely to 
obstruct the fiow of local anaesthetic, but allow 
wider distribution of local anaesthetic in the 
extradural space and that, even in partial mal- 
position in the subarachnoid space or extradural 
vein, they permit most of the local anaesthetic to 
enter the extradural space [2, 3]. Opponents of the 
multi-holed catheter dislike it because failure to 
discover malposition of the catheter with the 
distal hole in the subarachnoid space and the two 
proximal holes in the extradural space until top- 
up make it potentially more hazardous [4—6]. 
This study has compared the incidence of 
adverse events associated with the use of single- 


holed and multi-holed extradural catheters in 
obstetric practice. 


PATIENTS AND METHODS 


Approval for the study was obtained from the 
Ethics of Medical Research Subcommittee of 
Lothian Health Board. Every patient undergoing 
extradural anaesthesia in the Simpson Memorial 
Maternity Pavillion in Edinburgh during the 
period of the study was included. Anaesthetists 
(mainly in the training grades) working in this 
department were asked to participate by using a 
standard extradural technique and completing a 
questionnaire at the time of the procedure. 

Before administering the extradural, the an- 
aesthetist was given a numbered envelope to 
which either a single-holed or multi-holed cath- 
eter had been allocated using a random number 
table. 

A 16-gauge Portex Tuohy needle was used and 
the extradural space was identified in the midline 
using the loss of resistance to as small a volume as 
possible of 0.9% sodium chloride. The catheter 
was inserted through the cranially directed Tuohy 
needle and 3 cm or less of catheter was left lying 
within the space. The operator examined the 
catheter for free flow of blood and the catheter 
was elevated to assess how easily the meniscus 
dropped. The catheter was aspirated before and 
after injection of a standard test dose of 2% 
lignocaine 4 ml and before each top-up. During 
each extradural, the anaesthetist completed 
a questionnaire noting any adverse findings 
associated with the extradural. 

Results were analysed by the Chi-square 
method. P < 0.05 was considered significant. 
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RESULTS 


Five hundred and nineteen questionnaires were 
returned. Seventeen of these were completed 
incorrectly and excluded from analysis. Twenty- 
eight catheters were resited because of inadequate 
analgesia. Fourteen of these were single-holed 
and 14 were multi-holed. These were excluded 
from analysis. Four hundred and seventy-four 
questionnaires were therefore analysed. 

The finding that the meniscus dropped with 
difficulty was significantly more common with 
single-holed catheters (P < 0.001); blood was 
found in the catheter significantly more often with 
multi-holed catheters (P < 0.001). There was no 
correlation between these findings and any other 
complication (table I). 


DISCUSSION 


It has been stated that there is a need for an 
extensive, randomized, controlled trial comparing 
the two catheter types [7]; this study fulfils the 
two latter requirements. Furthermore, although 
the numbers involved were not large, we believe 
that the study was sufficiently large to make a 
contribution to the debate. 

The overall occurrence of side effects reported 
in this study compares to previous studies. For 
example, McNeill and ‘Thorburn reported inci- 
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dences of 0.44% for dural tap by needle, 2.77% 
for bloody top by needle and 12.7% for difficulty 
inserting the catheter [8]. In our study, the 
corresponding incidences were 0.4%, 3.2% and 
13.9%. 

The overall finding of blood in the catheter in 
7.2% of the total compares to the finding of 7.3% 
by McNeill and Thorburn [8]. Verniquet found 
blood in the catheter in 3% of patients in whom 
0.5% plain bupivacaine 10 ml was injected into 
the extradural space before threading of the 
catheter and in 9% who did not have this injected 
[9]. 

In this study there was no significant difference 
in the reported incidence of unsatisfactory block 
or in the number of each type of catheter which 
required resiting. This is in contrast with the 
work of Michael, Richmond and Birks [10] who 
found that unsatisfactory blocks and the require- 
ment for resiting the catheter were significantly 
greater with single-holed catheters. We cannot 
provide an explanation for the difference in these 
findings, except to point out that in our study the 
quality of sensory block was determined by the 
anaesthetists’ assessment and not via the com- 
ments of the mother or midwife, as in the study by 
Michael, Richmond and Birks. 

Free inward and outward movement of a 
column of fluid at the outer end of an extradural 
catheter may be used to confirm correct placement 


TABLE I. Summary of results. * Subjective assessment made by anaesthetist inserting extradural catheter 


Confidence 
Single-holed Multi-~holed Total P interval 

Needle insertion difficult* 29 (11.8%) 22 (9.6 %) 5I (10.8%) ns 7.8-3,4 

Blood through needle 8 (3.3%) 73.1%) 15 (3.2%) ns 3.4-3.0 

Dural puncture with needle 2(0.8 %) 0 2(0.4%) ns — 

Threading catheter difficult* 36 (14.7%) 30 (13.1%) 66 (13.9%) ns 7.8-4.8 

Paraesthesia on catheter 40 (16.3%) 39(17%) 79 (16.3%) ns 7.5-6.1 
insertion (left side) 

Paraesthesia on catheter 37(15%) 28 (12.2%) 65 (13.7 %) ns 9.0-3.4 
insertion (right side) 

Meniscus did not fall easily* 72 (29.4%) 15 (6.6%) 87 (18.4%) < 0.001 16.1--29.5 

Blood in catheter 83.3%) 26(11.4%) 34 (7.2%) < 0.001 12.9-3.3 

Blood on aspiration 10 (4.1%) 17 (7.4%) 27 (5.7%) ns 7.5-0.9 
at catheter insertion 

CSF in catheter 0 1(0.4%) 1(0.2%) ns mn 

Blood on aspiration 6 (2.5%) 5(2.2%) 11 (2.3%) ns 3.0-2.4 
after test dose 

Blood on aspiration 17 (6.9%) 21 (9.2%) 38 (8%) ns 7.3-2.7 
at any top-up 

Toxic symptoms to 0 0 0 ns — 
test dose 

Unilateral block 34 (13.9%) 27 (11.8%) 61 (12.9%) ns 8.2-4.0 

Missed segment 7(2.9%) 73.1%) 14(3%) ns 3.9-3.5 


EXTRADURAL CATHETERS 


of the catheter in the extradural space {11, 12]. In 
this study, the catheter was elevated after injection 
of a small volume of 0.9% saline and the level of 
fluid was observed. There was a significant 
difference between catheters in the number of 
instances in which the operator determined by 
subjective assessment that the meniscus did not 
fall easily; this occurred more than four times 
more frequently with single-holed catheters than 
with multi-holed catheters. It was thought likely 
that this difference was caused, not by incorrect 
placement of the single-holed catheters, but by 
the difference in design of the two catheters. 
Although fluid may not fall if the catheter is 
outside the extradural space or in an extradural 
vein, theoretically it may also not fall when the 
lumen of the catheter is obstructed [13]. We 
postulate that the hole in a single-holed catheter 
may be obstructed because it is resting against a 
tissue plane. This would explain why this phenom- 
enon was noted less frequently with multi-holed 
catheters. If importance is attached to this test in 
determining if the catheter is placed correctly, it 
might be argued that the multi-holed catheter is 
preferable. Although it has been suggested that 
there is a greater probability of unilateral or 
partially effective block when the oscillation of 
fluid is poor or very slow [14], there was no 
evidence to support this suggestion in our study. 

There was a significant difference in the finding 
of blood in the catheter between the two groups 
(table I). This difference is unlikely to be caused 
by more multi-holed catheters puncturing extra- 
dural veins. It could be argued, therefore, that 
the multi-holed catheter is a more sensitive 
indicator of previous vascular puncture. 

In conclusion, there was no significant differ- 
ence between the two catheters in the incidence of 
major complications. The differences reported 
might favour the use of multi-holed catheters, 
particularly as false negative aspiration of blood 
on insertion appears less likely. A larger study is 
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required to ascertain if false negative CSF as- 
piration is less likely with a multi-holed catheter. 
However, these possible advantages must be 
balanced against the risk of delayed recognition of 
malposition of multi-holed catheters in the sub- 
arachnoid space noted by other authors. 
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NEUROMUSCULAR BLOCK WITH DOXACURIUM 
(BW A938U) IN PATIENTS WITH NORMAL OR ABSENT 


RENAL FUNCTION 


J. N. CASHMAN, J. J. LUKE AND R. M. JONES 


SUMMARY 


The characteristics of neuromuscular block in- 
duced by doxacurium were compared in patients 
with and without renal function. Seventeen 
patients with end stage chronic renal failure and 
18 patients with normal renal function were 
anaesthetized with 0.5% halothane and nitrous 
oxide in oxygen and received doxacurium in an 
initial dose of 25 ug kg' (estimated from avail- 
able data as an ED dose), with incremental 
doses of 5 ug kg™'. At the end of surgery, residual 
neuromuscular block was antagonized with 
either edrophonium 1.0 mg kg’ or neostigmine 
0.08 mg kg~'. There was no significant difference 
between the mean maximum blocks achieved 
with doxacurium: 17.4% (renal failure group) 
and 11.6% (contro! group) of control twitch 
heights, or between the mean times to achieve 
maximum block (10.9 min and 10.8 min, re- 
spectively). The mean duration of action of 
doxacurium, indicated by the time for twitch 
height to recover to 25% of control, was longer 
in the renal failure group (120.8 min vs 66.7 min 
in the control group) (ns). Similarly, the mean 
duration of action of increments was longer in 
the renal failure group (27.4 min vs 20.5 min in 
the control group). The rate of spontaneous 
recovery from doxacurium as indicated by the 
time for twitch height to recover from 0O to 5%, 5 
to 10% and 10 to 25%, was not significantly 
different in the two groups. Antagonism of 
doxacurium was achieved more reliably with 
neostigmine than with edrophonium in both 
groups. The administration of doxacurium was 
associated with minimal cardiovascular effects. 


KEY WORDS 
Neuromuscular block: doxacurlum. Kidney: failure 





The new non-depolarizing neuromuscular block- 
ing agent BW A938U (doxacurium) is a potent, 
long acting relaxant with a duration of action 
similar to that of tubocurarine or pancuronium 
[1]. It has a wide safety margin with minimal 
cardiovascular effects at doses which are several 
times the ED,, for neuromuscular block (25- 
30 ug kg"), and it appears to be non-cumulative 
with repeat doses [1]. 

Disposition studies in animals have shown 
elimination of the drug principally as the parent 
molecule in both urine and bile [2]. Results of 
studies using anaesthetized cats have indicated 
that the total duration of neuromuscular block of 
an EDs dose is similar in cats with ligated 
renal arteries (98.0 min) compared with a control 
group with normal renal function (92.7 min) and 
that the times for recovery of twitch height 
25—175 % (recovery index) were also similar (21.4 
and 23.1 min, respectively) [Welch RM, Loebf P, 
Maehr R, De Angelis R; unpublished data]. This 
suggests the presence of an alternative pathway 
for clearance of unchanged doxacurium. In 
patients with little or no renal function it is 
dificult to predict with certainty the likely 
duration of action and ease of reversibility from 
neuromuscular blocking drugs with a pre- 
dominantly renal route of elimination. Kinetic 
data for doxacurium are consistent with a pre- 
dominantly renal route of elimination of un- 
changed drug and are compatible with little or no 
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metabolism, with 40-50% of an injected dose of 
doxacurium recovered in urine within 12 h [2]. 

This study was designed to evaluate the charac- 
teristics of neuromuscular block induced by 
doxacurium in patients with end-stage chronic 
renal failure presenting for surgery and to com- 
pare them with a control group with normal renal 
function. 


PATIENTS AND METHODS 


Patients 


After local Ethics Committee approval, 35 adult 
surgical patients aged 20-67 yr and weighing 
50-102 kg gave written informed consent for the 
study. The renal failure group comprised 17 
patients (ASA III) in established chronic renal 
failure undergoing elective surgical procedures, 
other than renal transplantation, requiring neuro- 
muscular block. Eighteen patients (ASA I) with 
normal renal function who were matched for age, 
weight, height and sex distribution, undergoing 
elective surgical procedures also requiring neuro- 
muscular block served as the control group. All 
patients were within 20 % of ideal body weight and 
those in chronic renal failure were either under- 
going regular dialysis or about to commence 
dialysis. 


Neuromuscular monitoring 


Neuromuscular transmission was monitored by 
measuring the mechanomyographic response to a 
train-of-four pattern of stimulation. A Stanec 
splint [3] was used to immobilize the patient’s 
arm, which was kept warm whilst body core 
temperature was maintained at or above 35 °C. 
Muscle paralysis was assessed by stimulating the 
ulnar nerve via surface electrodes using train-of- 
four pattern supramaximal 0.2-ms duration 
square wave impulses at 2 Hz repeated every 12 8 
(Myotest). The evoked force of contraction of the 
adductor pollicis muscle was measured by a 
miniature force displacement transducer (FDT- 
10; 0-10 kg range) connected to a Devices pre- 
amplifier and chart recorder. Twitch height was 
recorded during onset, spontaneous offset and 
after administration of anticholinesterase. 


Anaesthesia 


Patients were premedicated with diazepam 
10-20 mg orally 90 min before surgery. Anaes- 
thesia was induced with fentanyl 1 ug kg™ i.v. 
followed 2min later by thiopentone 2.5- 
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5.0 mg kg™ i.v. to obtain loss of consciousness. 
When stable baseline neuromuscular recordings 
had been obtained, doxacurium 25 ug kg™ (esti- 
mated from available data to be an ED,, dose), 
was injected into a fast running i.v. infusion 
(which, in renal failure patients, was situated in a 
limb devoid of any type of shunt). Following loss 
of consciousness, anaesthesia was maintained with 
66% nitrous oxide and 0.5% inspired halothane 
in oxygen delivered by a Bain type coaxial 
breathing system via a facemask. Additional 
increments of fentany] or thiopentone were admini- 
stered as indicated clinically. Ventilation was 
controlled to an end-tidal carbon dioxide partial 
pressure of 4.5-5.5 kPa. The trachea was intu- 
bated after 10 min, or when maximum block had 
been achieved if this was sooner. Following 
spontaneous recovery from neuromuscular block 
to a T1:Control of > 25%, incremental doses of 
20% of the initial dose of doxacurium were 
administered as required in order to maintain an 
adequate depth of neuromuscular block. At the 
end of surgery, when T1:Control was > 20%, 
residual neuromuscular block was antagonized 
with edrophonium 1 mg kg“! and atropine in the 
first 10 patients in each group and with 
neostigmine 0.08 mg kg and atropine in the 
remainder. Supplementary doses of anticholin- 
esterase were administered as indicated clinically 
(edrophonium 0.5 mg kg? or neostigmine 
0.04 mg kg"). A TOF ratio of > 0.7 was taken as 
indicating adequate antagonism of muscle par- 
alysis, at which point the trachea was extubated 
and neuromuscular monitoring discontinued. 
Patients were assessed subsequently in the re- 
covery area for signs of recurarization (grip 
strength and head lift). Cardiovascular variables 
were monitored using an automated arterial 
pressure machine which recorded heart rate and 
arterial pressure at 2-min intervals during in- 
duction of anaesthesia and establishment of 
neuromuscular block and at 5-min intervals 
thereafter. 


Statistical analysts 

Results are expressed as mean and ranges with 
SD where appropriate. Statistical analysis was 
performed using Student’s t test for demographic 
data and Wilcoxon’s rank sum test for the 
remaining data. P<0.05 was considered as 
demonstrating a significant difference. 
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TABLE I. Details of patients (mean (SD) [range]). No significant difference between groups 

Sex Age Weight Height Anaesthesia 

(M:F) (yr) (kg) (cm) time (min) 

Renal failure (n = 17) 13:4 41.7(18.1) 66.4 (8.7) 175 (11) 140.2 (57) 
[20-67] [52-77] [155-197] [53-270] 

Control (# = 18) 14:4 43.9(15.6) 71.4(12.9) 176(12) 102.6 (40) 
(21-67] [50-102] [150-192] [50-170] 


TABLE II. Comparison of speed of onset of initial dose of doxacurium (mean (SD) [range]). No sgmficant 
differences between groups 


Time in min to T1:Control Time to 
max, 
175% 50% 25% block (min) 
Renal failure (n = 17) 4.31.0) 5.8(1.7 6.0(2.1) 10.9 (3.8) 
{2.2~6,0) [2.8-8.0] [3.0-10.0] [4.5-19.0] 
Control (n = 18) 3.1 (0.9) 4.3(1.5) 5.5 (2.1) 10.8 (3.5) 
[1.5-4.3] [2.5-8.0] [3.2~11.0] [5.0~19.0] 


TABLE III. Comparison of duration of action for those patients m whom the tmnal dose of doxacurtium 
abolished or reduced tentch to less than 10% of control (mean (SD) [range]). No significant differences 
between groups 


Time to reappear- 
ance of twitch 
(min) 


Renal failure 35.5 (22.6) 


Control 


RESULTS 


Patient characteristics 


We studied 17 patients in chronic renal failure 
and 18 control patients. The study groups were 
comparable in age, weight and height (table J). 


Onset of neuromuscular block 


The initial dose of doxacurium 25 ug kg™ 
abolished completely the mechanical response to 
train-of-four stimulation (T1:Control 0%) in six 
of 17 patients in the renal failure group (35%), 
and in four of 18 patients in the control group 
(22 %). The mean maximum block achieved in the 
two groups was not significantly different: 
T1:Control 17.4% (range 0-47%) in the renal 
failure group and 11.6% (range 0-45%) in the 
control group. There was no significant difference 


Time (min) for T1: Control to reach 


05% 5-10% 10-25 % 
30.8 (27.6) 15.0 (12.4) 42.0 (32.8) 
[3—65] [7—42] [9-90] 
(n = 6) (n = 7) (n = 7) 
5.2 (4.2) 8.4 (4.3) 15.4 (4.5) 
[1-11] [5-14] [8-23] 
(n = 4) (n = 5) (n = 12) 


in the mean times to T1:Control of 75%, 50% 
and 25% or to maximum block (table ID. 


Duration of action of initial dose 

There was no significant difference between the 
two groups in the time for reappearance of twitch 
or for recovery from 0 to 5%, 5 to 10% and 10 to 
25 % (table IIT). The clinically useful duration of 
action of doxacurium was longer in the renal 
failure group in whom the mean time for recovery ` 
to a 11: Control of 25 % was 120.8 min, compared 
with 66.7 min in the control group (but there was 
wide individual variation in both groups, this 
being most marked in the renal failure group: 
range 44-240 min compared with 47-88 min in 
the control group) and the difference was not 
significant. 
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TABLE IV. Details of clinical duration of action of increments as tndicated by time interval (mtn) between 
each incremental dose (mean (SD) [range]). No significant differences between groups 





Increment No. 





All increments 1 2 3 4+ 
Renal failure 27.4 (11.5) 29.6 (13.4) 24.7 (8.1) — — 
[18-54] [18-54] [18-38] 
(n = 10) (n = 10) (n = 6) 
Control 20.5 (8.1) 27.9 (4.7) 18.2 (5.3) 24.0 (10.0) 15.6 
[10-38] [19-32] [13-24] [13-38] [10-24] 
(n= 7) (n = 7) (n = 6) (n = 6) (n = 2) 


TABLE V. Haemodynamic variables following the tmitial dose of doxacurium (mean (SD)). * One patient 
whose trachea was mtubated at 7 min has been excluded 


After doxacurium 


Before After 
induction induction 2 min 5 min 10 min 
MAP (mm Hg) 
Renal failure 112 (23) 98 (20) 90 (18) 88(19) 85 (20) 
Control* 97 (15) 90 (11) 82 (12) 81(12) 81(11) 
HR (beat min`?) 
Renal failure 74 (13) 77 (11) 70 (14) 69(15) 64(10) 
Control* 77 (16) 78 (15) 67 (12) 64(13) 61(11) 
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Duration of action of incremental doses of 
doxacurium 


The mean duration of anaesthesia was longer in 
the renal failure group 140.2 min (range 53- 
270 min) compared with the control group 
102.6 min (range 50-170 min). Ten patients in 
the renal failure group and seven in the control 
group required one incremental dose of doxa- 
curlum; six patients in each group received a 
second increment, one renal failure and six control 
patients received a third increment and one renal 
failure and two control patients received more 
than three increments. There was no significant 
difference between the two groups in the mean 
degree of recovery at which increments were 
given, which was at T1:Control of 33% (range 
25-50%) in the renal failure group and 44% 
(range 25—68 % ) in the control group. 

The duration of action of increments was not 
significantly longer in renal failure patients (table 


IV). After two increments there was no evidence of : 


cumulation of doxacurium in each group with 
recovery to a T1:Control value of 25% in the 
renal failure group taking 21.2 min (range 
15—34 min) after the first increment and 19.3 min 
(range 13-25 min) after the second increment. 
Similar values were obtained in the control group: 
18.7 min (range 10-24 min) after the first in- 


crement and 22.2 min (range 7—37 min) after the 
second increment. 


Recovery from neuromuscular block 


Details for spontaneous recovery in those 
patients in whom doxacurium reduced twitch 
height to less than 10% have already been 
outlined in table III and referred to above. 
Antagonism was evoked with edrophonium in 20 
patients (10 renal failure and 10 control) at a mean 
T1:Control of 27.5% (range 25-32%) in the 
renal failure group and 29.4% (range 25-44 %) in 
the control group. Five renal failure and three 
control patients required an additional dose of 
anticholinesterase to achieve a TOF ratio of 
> 0.7. Neostigmine was used to evoke antagonism 
in seven renal failure and eight control patients at 
T1:Control of 30.0% (range 10-50%) and 
33.7 % (range 26—47 %), respectively. None of the 
patients who received neostigmine required an 
additional dose of anticholinesterase. The mean 
time to achieve a TOF ratio of 0.7 after admin- 
istering edrophonium was 23.8 min (range 1.2- 
66 min) in the renal failure and 14.6 min (range 
0.2-48 min) in the control group. The mean time 
to achieve a TOF ratio of 0.7 after neostigmine 
was 18.9 min (range 1.0—-39 min) in the renal 
failure and 9.9 min (range 1.0—-27 min) in the 
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TABLE VI. Haemodynamic variables following the incremental doses of doxacurtum (mean (SD)) 
lst increment 2nd increment 3rd increment 
Before Before Before 
dox. 2min 5 min dox. 2min 5 min dox. 2 min 5 min 
MAP (mm Hg) 
Renal failure 87 (19) 88(13) 89(13) 92(18) 91(20) 96(17) — — — 
Control 84 (16) 85 (17) 81(12) 94(12) 91(8) 100(14) 105(10) 105 (9) 97 (8) 
HR (beat min) 
Renal failure 68 (15) 67(14) 67(14) 67(29) 66(18) 65(18) — — — 
Control 76 (15) 76 (15) 75(14) 70(15) 72(15) 71(16) 68 (13) 66 (14) 64(14) 


control group. None of these differences was 
significant. In those patients who received an 
additional dose of edrophonium the total time to 
a TOF ratio of 0.7 was 41.0 min (range 28- 
66 min) in the renal failure group and 34.3 min 
(range 14—48 min) in the control group. 


Cardiovascular effects 


The renal failure patients had higher resting 
mean arterial pressures (although this was not 
statistically significant) and the majority of these 
patients were receiving some form of anti- 
hypertensive medication. There was no significant 
difference between the two groups in terms of 
resting heart rate. Both groups exhibited a small 
but statistically insignificant decrease in mean 
arterial pressure on induction of anaesthesia. 
Mean arterial pressure decreased by a further 
10% following the administration of the initial 
dose of doxacurium, but remained stable there- 
after. The decrease in heart rate following the 
administration of the initial dose of doxacurium in 
both groups was 15-20% (table V). The car- 
diovascular changes following additional incre- 
ments of doxacurium were also unremarkable 
(table VI). 


DISCUSSION 


It is evident from this study that the dose of 
doxacurium used (25 ug kg!) was an underesti- 
mate of the ED,, for neuromuscular block in both 
renal failure and normal patients. The mean 
maximum block achieved was (T1:Control) 
17.4% renal failure and 11.6% control, but the 
median values of 12.5% and 10%, respectively, 
may be more instructive. Doxacurium reduced 
the mechanical response to stimulation to less 
than 10% in eight renal failure and 12 control 


patients and abolished it in six renal failure 
patients, but in only four control patients. A 
higher dose of doxacurium would have resulted in 
abolition of twitch in a larger number of patients 
and would have enabled us to present a more 
comprehensive description of the neuromuscular 
block induced by doxacurium in renal failure and 
control patients, and more especially its recovery 
characteristics. 

Scott and Norman also reported that doxa- 
curium appeared to be less potent in their study 
than in previous studies [4]. However, it should 
be noted that, unlike us, they used an opioid- 
based technique and electromyography for moni- 
toring of neuromuscular block, both of which may 
bias towards underestimation of the potency of 
a neuromuscular blocker. The ED,, value of 
25 ug kg has been arrived at from a number of 
studies, but these have also used usually an opioid 
anaesthetic technique [5-7]. Lynam, Caldwell 
and Miller [5] and Katz and colleagues [6] have 
investigated the effect of inhalation agents on 
doxacurium-induced block and shown that, in 
general, volatile agents potentiate doxacurium by 
approximately 20-40%, which is similar to the 
effect on atracurium-induced block. At present it 
is unclear which inhalation agent is most potent in 
this respect. Lynam, Caldwell and Miller [5] 
observed that halothane was the most potent, 
whereas Katz and colleagues [6] concluded that 
there was no difference between halothane, en- 
flurane and isoflurane. Our patients were studied 
against a background of 0.5% halothane an- 
aesthesia and yet the dose of doxacurium, 
25 ug kg`!, appeared only to be approximately an 
ED,, dose. In consequence, we feel that the ED,, 
value for doxacurium under halothane anaesthesia 
is more likely to be in the region of 30 pg kg (but 
a formal dose-response study would be needed to 
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confirm this figure). This is similar to the value of 
29.4 ug kg! for doxacurium in children under 
halothane anaesthesia, found by Goudsouzian and 
colleagues using mechanomyography [8]. 

There were no differences between the two 
groups of patients with respect to onset of action. 
Our times for onset to maximum block are in 
agreement with those of Basta and colleagues [7, 
9], and confirm the relatively slow onset of this 
drug. Increasing the dose of doxacurium has been 
shown to increase the speed of onset of action, and 
the duration of action [10]. The slight difference 
in maximal block achieved in the two groups 
probably reflects the effect of a larger volume of 
distribution in anephric patients, although not so 
great a difference as to account for any difference 
in duration of action or prolonged recovery. The 
duration of action of doxacurium was more 
variable in the renal failure group. In such 
circumstances it may be relatively easy for an 
anaesthetist to give an excess dose of doxacurium 
to an anephric patient. A greater variability in 
pharmacokinetics and pharmacodynamics of 
neuromuscular blocking drugs has been noted by 
a number of previous workers; in particular, 
Basta and colleagues have reported marked vari- 
ation with doxacurium [9]. Lynam and colleagues 
[11] have suggested a number of possible mechan- 
isms including hypoalbuminaemia; it is inter- 
esting to note that the longest duration of action of 
doxacurium in our study occurred in a severely 
hypoalbuminaemic renal failure patient who had 
not yet commenced dialysis. Both these factors 
alter the volume of distribution of a water soluble 
drug; in this patient the initial dose of doxacurium 
abolished the mechanical response to stimulation 
for 80 min and the recovery times of T1: Control 
0-5, 5-10 and 10-25% were 55, 15 and 90 min, 
respectively. 

The clinically useful duration of action (time 
for T1 : Control to recover to 25 %), was markedly 
but not statistically prolonged in the renal failure 
group compared with the control group. The 
value of 66.7 min for duration to 25% recovery 
following doxacurium 25 ug kg™ is comparable to 
the value of 60min reported by Katz and 
colleagues [12] following doxacurium 20 ug kg`t 
and halothane anaesthesia. The rate of spon- 
taneous offset appeared to be slower in the renal 
failure group, but we did not specifically de- 
termine recovery index. 

The apparent lack of cumulative effect in both 
groups after two increments must be viewed with 
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some caution, as it may take a number of 
increments before offset becomes dependent 
solely on the beta elimination phase. In this study 
only one renal failure and two control patients 
received more than three increments; in these 
patients a small degree of cumulation was evident 
as the time for T1:Control 25 % for the third and 
subsequent increments was prolonged slightly in 
the anephric patient (29 min) and in the control 
patients (25.5 min). 

Unlike the majority of previous studies on the 
effects of renal failure on the disposition of 
neuromuscular blocking drugs {11, 13-16], we 
chose deliberately to investigate renal failure 
patients who were undergoing incidental surgery 
rather than renal transplantation, in an attempt to 
avoid the complicating effect resultant on the 
restitution of a functioning kidney. The newly 
transplanted kidney 1s capable of excreting neuro- 
muscular blockers, as Miller and colleagues have 
shown with tubocurarine [16]. Our study allowed 
us to study the pharmacodynamics of doxacurium 
in circumstances in which the surgical procedure 
was unlikely to affect the duration of action of the 
drug. Although the duration of action and speed 
of recovery were prolonged in the renal failure 
group, there was a wide variability in this group 
and the differences from control were not sig- 
nificant. Thus the sensitivity to doxacurium 
appeared to be greater in patients with renal 
failure, but this was not marked. It is possible that 
an alternative pathway of excretion, such as 
biliary, contributes significantly to the termin- 
ation of action of doxacurium in man. It would be 
instructive to compare doxacurium with vecuro- 
nium in a formal pharmacokinetic study, as the 
latter drug undergoes significant biliary excretion 
and its duration of action and recovery time may 
not be prolonged in patients in renal failure [14, 
15]. 

Although our study was not designed to examine 
in detail the cardiovascular effects of doxacurium, 
we were impressed by the stability associated with 
this drug, even in patients who were hypertensive 
as a result of their renal disease. Evoked recovery 
was achieved consistently with neostigmine in 
both groups, in contrast with edrophonium, when 
supplementary doses of anticholinesterase were 
required for several renal failure and control 
patients. Scott and Norman [4] have also found 
neostigmine to be the more reliable anti- 
cholinesterase. 
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NEUROMUSCULAR AND CARDIOVASCULAR EFFECTS OF 
MIVACURIUM CHLORIDE (BW B1090U) DURING NITROUS 
OXIDE-FENTANYL-THIOPENTONE AND NITROUS 
OXIDE-HALOTHANE ANAESTHESIA 


R. P. FROM, K. S. PEARSON, W. W. CHOI, M. ABOU-DONIA 


AND M. D. SOKOLL 


SUMMARY 


Seventy-two adult surgical patients were studied 
to compare neuromuscular and cardiovascular 
effects of mivacurium chloride during nitrous 
oxide-fentanył-thiopentone (BAL group) or ni- 
trous oxide—halothane (HAL group) anaesthesia. 
Eighteen patients in the BAL group received an 
initial bolus of mivacurium, either the EDs {n = 
9) or the EDs (n = 9) (0.03 and 0.05 mg kg™'). 
These doses were based on the assumption that 
the slope of the dose-response curve during 
nitrous oxide-opioid anaesthesia would be 
approximately the same as the slope of the 
neuromuscular response from the first human 
studies with mivacurium. Twenty-seven addi- 
tional patients were allocated to subgroups of 
nine patients to receive mivacurium 0.04, 0.08 or 
0.15 mg kg. Twenty-seven patients in the HAL 
group were allocated also to subgroups of nine 
patients to receive mivacurium 0.03, 0.04 or 0.75 
mg kg’. During stable anaesthesia, mean end- 
tidal halothane concentrations were maintained 
at 0.49+0.07%. The estimated EDs, ED zs and 
ED for BAL and HAL groups were 0.039, 0.05 
and 0.073 mg kg and 0.040, 0.053 and 0.087 
mg kg", respectively. Halothane did not poten- 
tiate maximum block or time to maximum block. 
Halothane did affect spontaneous recovery. With 
the 0.75-mg kg dose, time to 95 % recovery was 
prolonged significantly in the HAL group (30.0 
(SEM 1.4) min) compared with the BAL group 
(24.1 (1.5) min). Recovery index from 25% to 
75 % recovery was also prolonged significantly in 
the HAL group (7.0 (0.4) min) compared with 
the BAL group (5.4 (0.4) min). There were no 
significant haemodynamic changes in groups 


given mivacurium doses up to and including 
2 x ED by bolus i.v. administration. 


KEY WORDS 
Neuromuscular block: mivacurium 


Mivacurium chloride (BW B1090U) is a new non- 
depolarizing neuromuscular blocking agent with a 
shorter duration of action than that of the current 
clinically available non-depolarizing agents. Pre- 
vious clinical studies in healthy surgical patients 
have determined dose-response relationships, 
neuromuscular block profiles and cardiovascular 
effects during nitrous oxide-fentanyl-thiopentone 
[1-4], nitrous oxide-isoflurane [3] and nitrous 
oxide-enflurane anaesthesia [4]. Controversy 
exists regarding the neuromuscular potentiating 
effect of halothane on mivacurium. Sarner and 
colleagues [5] reported that the ED,, of miva- 
curium during nitrous oxide—halothane anaes- 
thesia in children was significantly less than that 
during nitrous oxide-opioid anaesthesia. On the 
other hand, Goudsouzian and colleagues [6] found 
no significant difference in the dose-response 
phase following single bolus administration of 
mivacurium in children, and Lee and co-workers 
[7] reported that halothane in adults lacked 
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potentiating effects. The purpose of the present 
study was to determine dose-response relation- 
ships, recovery times and haemodynamic side 
effects during nitrous oxide-halothane anaesthesia 
and to compare these data with results obtained 
during nitrous oxide-fentanyl—thiopentone an- 
aesthesia in adult surgical patients. 


PATIENTS AND METHODS 


We studied 72 patients, ASA Physical Status 
I-II, of both sexes (excluding females of child- 
bearing potential), weighing 40-110 kg, aged 
18-70 yr after institutionally approved informed 
consent was given. Patients were excluded from 
the study if they had a history of: malignant 
hyperpyrexia; unusual sensitivity to neuromuscu~ 
lar blocking agents; alcohol or drug abuse; 
clinically significant psychiatric, neurological, 
cardiovascular, renal or hepatic disease; asthma; 
exposure to aminoglycoside antibiotics, trime- 
taphan, quinidine or lignocaine within 48 h of the 
study; or exposure to antidepressants or anti- 
histamines within 1 week before the study. In 
addition, patients were excluded if clinically 
significant electrocardiographic or laboratory 
abnormalities were detected by preoperative 
testing. Patients were premedicated with mor- 
phine 0.10-0.15 mg kg and atropine 0.004- 
0.008 mg kg™! i.m. 45-60 min before induction of 
anaesthesia with thiopentone 4-8 mg kg”. 

Patients in the nitrous oxide—fentanylthio- 
pentone anaesthesia group (BAL group, n = 45) 
received 60-70% nitrous oxide in oxygen with 
incremental doses of fentanyl 0.05—0.1 mg and 
thiopentone 25—50 mg to achieve haemodynamic 
stability and provide adequate anaesthesia. Two 
subgroups of nine patients received an initial 
bolus of mivacurium of approximately the ED,, 
and ED,, (0.03 and 0.05 mg kg~'). These doses 
were based on the assumption that the slope of the 
dose-response curve during nitrous oxide—opioid 
anaesthesia would be approximately the same as 
the slope of the neuromuscular response from the 
first human studies with mivacurium conducted 
by J. J. Savarese (personal communication). The 
combined responses of these 18 patients were 
used to construct a new dose-response curve with 
an estimated ED, of 0.04 mg kg™!. The remaining 
groups received the estimated ED,, and 2x ED,, 
doses (0.08 and 0.15 mg kg“). 

Anaesthesia in the nitrous oxide—halothane 
group (HAL group, n = 27) was maintained with 
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60-70% nitrous oxide in oxygen with end-tidal 
concentrations of 0.4-0.6% halothane. As the 
interaction between anaesthetics in their effects 
on minimum alveolar concentration (MAC) 
appears to be additive, this combination of nitrous 
oxide and halothane should result in a total MAC 
of approximately 1.25 [8]. The lower anaesthetic 
concentrations were used to avoid significant 
cardiovascular depression. Patients in the HAL 
group received mivacurium 0.03, 0.05 or 
0.15 mg kg™!. 

Ventilation was controlled with a bag and mask 
throughout data collection to maintain end-tidal 
carbon dioxide at 4.7-6 kPa (multiplexed mass 
spectrometer). Temperature was monitored by an 
oral or axillary thermistor and maintained at or 
greater than 35 °C. After attaining a near steady 
state with each technique (not less than 15 min at 
1.25 MAC in the case of halothane) the mechano- 
myogram of the adductor pollicis muscle was 
measured by a Grass FT10 force-displacement 
transducer. The ulnar nerve was stimulated with 
two 25-gauge subcutaneous needles using a Grass 
S48 stimulator delivering square wave pulses at 
0.15 Hz, 0.2ms and supramaximal voltage (at 
least 20 V above maximum). After stabilization of 
the twitch response, mivacurium was admin- 
istered as a rapid bolus (over 2-3 s) into a free 
flowing peripheral i.v. cannula. The following 
values were obtained from analysis of twitch 
recording: maximum block (maximum percent 
depression of baseline twitch height); onset time 
(from injection to maximum block); duration of 
block (from injection to 5%, 25% and 95% 
recovery); and recovery index (time from 25 % to 
75% recovery). 

The electrocardiogram was monitored continu- 
ously. Systolic, diastolic and mean arterial pres- 
sures (MAP) were monitored at 1-min intervals. 
Automated oscillotonometry was used in lower 
dose groups (0.03, 0.04, 0.05 mg kg). In those 
patients who received drug doses equal to or 
exceeding the ED,, (0.08 and 0.15 mg kg"}, re- 
spectively), an indwelling radial artery cannula 
was used. Heart rate (HR) and MAP were 
recorded 1-2 min before drug injection (baseline) 
and every I min up to and including 5 min 
following the initial bolus dose. Patients were 
observed for signs of histamine release. All 
haemodynamic data were collected before laryn- 
goscopy and tracheal intubation and at least 10 
min following development of maximum block. 

The log-probit method of Litchfield and Wil- 
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coxon [9] was used to construct dose-response 
curves using 0.03-0.08 mg kg"! doses in each 
anaesthetic group. A computerized analysis of the 
dose-response curves was performed by least- 
squares linear regression analysis to yield straight 
line relationships. When computing these lines, 
the probit of 0% block was defined to be —3 and 
the probit of 100% block was defined to be +3. 
Slope and intercept of the regression line for 
mivacurium dose-effect during nitrous oxide- 
fentanyl-thiopentone or nitrous oxide—halothane 
anaesthesia and dose-response data were com- 
pared using unpaired ¢ test [10]. Within-group 
dose-response data were compared using analysis 
of variance (ANOVA) and Fisher’s Protected 
Least Square Difference test for multiple com- 
parisons. Two way (time and group) ANOVA 
with repeated measures on the time factor was 
used to assess percent haemodynamic change. 
P< 0.05 was considered significant. Values are 
expressed as mean (SEM). 


RESULTS 


The mean (SEM) [range] age, weight and height 
of patients studied were 30.9 (1.4) [18-61] yr, 77.9 
(1.6) [50-110] kg, and 175.1 (1.2) [148-198] cm, 
respectively. During stable anaesthesia, mean 
end-tidal halothane concentration was 
0.49+0.01%. In each group, mivacurium pro- 
duced a dose-dependent neuromuscular block. 
When the data were plotted as a log-probit 
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relationship, slopes and intercepts of the dose- 
response curves were not significantly different 
(fig. 1). The curve for nitrous oxide—fentanyl-— 
thiopentone anaesthesia (n = 36, r= 0.56, P= 
0.001) was slightly above that for nitrous oxide— 
halothane anaesthesia (n= 18, r=0.72, P= 
0.001) over the doses common to both techniques. 
Using these curves, estimated ED,;,, ED,, and 
ED,, for nitrous oxide—fentanyl-thiopentone and 
nitrous oxide—-halothane anaesthesia were deter- 
mined as 0.039, 0.050 and 0.073 and 0.040, 0.053 
and 0.081, respectively. Dose-response relation- 
ships and recovery index for mivacurium are 
presented in table I. As the mivacurium dose was 
increased within each group, maximum block 
increased significantly, while time to maximum 
block decreased. Time to 95% recovery and the 
25% to 75% recovery index were significantly 
longer with the 0.15-mg kg~ dose during nitrous 
oxide-halothane anaesthesia than during nitrous 
oxide—fentanylthiopentone anaesthesia. 

During both anaesthetic techniques, neither 
HR nor MAP changed significantly from base- 
line at 1, 2 or 5 min after rapid bolus mivacurium 
doses up to and including 0.15 mg kg! (table IT). 
No cardiac arrhythmias were noted following 
bolus administration of mivacurium in any 
patient. Cutaneous manifestations of histamine 
release consisting of flushing over the face and 
neck were seen occasionally. No allergic pheno- 
mena (urticaria or bronchospasm) were noted. 


--O-~- BAL group 
{n=36) 

—o—-. HAL group 
(n=18) 


Maximum percent depression of 
baseline twitch height 


Log dose: 145 160 165 160 165 170 175 18 185 180 195 


Mivacurnium 


(mg kg”) 003 004 


0 05 008 


Fic. 1. Log probit dose-response curves for mivacurium during nitrous oxide—fentany]thiopentone 
(BAL group) and nitrous oxide—-halothane (HAL group) anaesthesia. 
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TABLE I. Comparison of neuromuscular block and recovery data following administration of mevacurium. Values are mean (SEM). 
n= Number of patients who acheved block adequate for the study of spontaneous recovery. *P < 0.05 vs nitrous 
oxtde—fentanyl-thiopentone anaesthesia 


Time to Time to selected levels of 
Mivacurium Maximum maximum spontaneous recovery (min) 25%-75%, 
Anaesthesia dose Group block block recovery 
group (mg kg~*) size (%) (min) 5% 25 % 95 % index 
Nitrous oxide- 0.03 9 37.7 5.6 — oe 14.3 — 
fentanyl-thiopentone (8.8) (0.8) (2.1) 
anaesthesia 
0.05 9 67.8 5.6 7.0 10.0 15.3 5.5 
(6.4) (0.3) (1.0) (1.0) (1.5) 
(n=1) (= 2) (n = 2) 
0.15 9 99.7 3.3 12.3 15.5 24.1 5.4 
(0.3) (0.3) (0.7) (1.0) (1 5) (0.4) 
Nitrous oxide- 0.03 9 25.8 6.6 — = 12.6 — 
halothane anaesthesia (5.7) (0.4) (1.4) 
0.05 9 70.3 6.6 10.3 11.2 17.9 7.0 
(7 6) (0.3)* (1.2) (1.7) (0.9) 
(n=1) (n= 4) (n = 4) 
0.15 9 100 2.8 15.9 18.6 30.0 7.0 
(0) (0.3) (1.2) (0.8) (1.4)* (0.4)* 
(n=5) (n=5) (n = 5) 





Taste Il. Cardiovascular changes (mean (SEM)) 1, 2 and 5 min after administration of mevacuriem 
0.15 mg kg" during mtrous oxide fentanyl-thopentone (BAL group) and nitrous oxide-halothane (HAL 
group) anaesthesia 


Percent of baseline value at 


1 min 2 min 5 mun 
Heart rate (beat min?) 
BAL group (n = 9) 103 (3) 99 (3) 92 (2) 
HAL group (n = 9) 100 (1) 97 (2) 93 (3) 
MAP (mm Hg) 
BAL group (n = 9) 92 (3) 96 (2) 97 (2) 
HAL group (n = 9) 98 (1) 97 (2) 96 (2) 


DISCUSSION 


In this study, a dose-response relationship was 
established for the neuromuscular actions of 
mivacurium in adult surgical patients during both 
nitrous oxide~-fentanyl—thiopentone and nitrous 
oxide—-halothane anaesthesia. Within each anaes- 
thetic group, the maximum block developed and 
time to maximum block were dose-dependent. 
Increasing the mivacurium dose from 0.03 to 0.15 
mg kg! significantly increased the maximum 
block and decreased onset time. 

Halothane did not appear to augment maximum 
block and time to maximum block significantly. 
For mivacurium doses of 0.03 and 0.15 mg kg", 
there was no significant increase in maximum 


block or time to maximum block during nitrous 
oxide-halothane anaesthesia compared with ni- 
trous oxide—fentanyl-thiopentone anaesthesia. 
These findings agree with those of Lee and 
colleagues [7] who found lack of potentiation 
when either enflurane or halothane was added to 
nitrous oxide—-opioid anaesthesia. These findings 
are also in agreement with the data of Goud- 
souzian and colleagues [6] who found no sig- 
nificant decrease in the mivacurium dose for 
children when halothane was added to nitrous 
oxide—narcotic-thiopentone anaesthesia. Com- 
paring the reported single dose ED,, during 
different anaesthetic techniques in adults suggests 
that halothane has less potentiating effects on 
mivacurium than other agents (table III). 
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TABLE III. Reported ED,, mrvacurtum doses during various anaesthetic techniques 








0.5-0.75 % Nitrous oxide— 
Nitrous oxide Isoflurane 0.9-1.2% 0.4-0.6 % 
narcotic (end-tidal) enflurane Halothane 
Weber and colleagues [3] 
ED,, mg kg™! dose 0.058 0.045 
(n = 26) (n = 26) 
Caldwell and colleagues [4] 
ED,, mg kg~! dose 0.067 0.052 
(n = 33) (n = 32) 
Present study 
ED,, mg kg~? dose 0.073 0 081 
(n = 36) (n = 18) 


With respect to spontaneous recovery, nitrous 
oxide—-halothane anaesthesia potentiated the 
duration of mivacurium neuromuscular block to a 
greater extent than nitrous oxide—fentanythio- 
pentone anaesthesia. For mivacurium 0.15 mg 
Kg, time to 95 % recovery and the 25% to 75% 
recovery index were prolonged significantly—by 
about 20 % in the HAL group. This prolongation 
in spontaneous recovery time during nitrous 
oxide—halothane anaesthesia is contrary to the 
findings of Sarner and colleagues [5] and Goud- 
souzian and colleagues [6]. Lee and co-workers 
[7] also found negligible potentiation by halothane 
with respect to recovery indices in adults. 

Potent inhalation anaesthetics are known to 
augment the neuromuscular blocking properties 
of tubocurarine [11]. Halothane has been shown 
to enhance the neuromuscular blocking effects of 
medium or long duration non-depolarizing neuro- 
muscular blockers [12-14]. Desensitization of the 
postjunctional membrane by anaesthetic agents 
has been suggested as the mechanism responsible 
for this effect [15]. Isoflurane has a greater 
neuromuscular depressant effect alone and in 
combination with tubocurarine than equivalent 
doses of halothane [16]. On the other hand, 
isoflurane and halothane are similar with respect 
to enhancement of neuromuscular blocking 
properties of atracurium [17] and vecuronium 
[18]. Although 1.25 MAC halothane appears to 
have little potentiating effect on mivacurium 
during onset, this does not imply that the same 
relationship holds at greater concentrations. 

The cardiovascular safety of mivacurium is 
suggested by absence of clinically significant 
alterations from baseline HR or MAP during fast 
bolus administration at doses up to 2 x ED,, with 
each anaesthetic technique. Arterial pressure 
changed less than 20% from baseline values. No 


patient required therapy for hypotension. These 
observations are similar to those of other reports 
where cardiovascular and cutaneous side effects 
were mild and attributed to histamine release 
[1-3]. Cardiovascular safety is similar to that of 
atracurium [19]. It is possible that prior use of 
atropine might have increased baseline HR and 
influenced vagolytic response or histamine release 
caused by mivacurium. The doses of atropine 
were small and given at least 45-60 min before 
induction of anaesthesia. Relative haemodynamic 
change from baseline should not be influenced 
significantly by atropine. Although these data do 
not suggest any interaction between mivacurlum 
and neuronal uptake of noradrenaline, as has been 
seen with other neuromuscular blocking drugs 
[20], a definitive answer to this question requires 
further study. 

From this study, it can be concluded that 
mivacurium is a potent rapid-onset non-depolar- 
izing neuromuscular blocker with a short duration 
of action. At approximately twice the ED,, dose, 
mivacurium nearly fulfils criteria suggested by 
Savarese and Kitz [21] for a short-acting non- 
depolarizing agent (onset within 1-2 min) and 
approaches their criteria for a short duration non- 
depolarizing agent (total duration 10-20 min). 
Maximum block and time to block produced by 
mivacurium is not enhanced by 1.25 MAC 
halothane. Spontaneous recovery is delayed dur- 
ing nitrous oxide—halothane anaesthesia. In clinic- 
ally useful doses, in healthy adult surgical pati- 
ents, mivacurium appeared to have no cardio- 
vascular side effects. 
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EFFECT OF IONIZED CALCIUM ON THE 
NEUROMUSCULAR BLOCKING ACTIONS OF 
ATRACURIUM AND VECURONIUM IN THE CAT 


L. GRAMSTAD AND E. S. HYSING 


SUMMARY 


We have determined neuromuscular blocking 
effects of atracurium and vecuronium at normal, 
high and low plasma concentrations of ionized 
calcium ([Ca**]) in the cat. Twitch responses 
were measured bilaterally in the anterior tibialis 
muscles, using intact central innervation in one 
preparation. Plateaus of high and low [Ca**] 
were created by infusions of calcium chloride 
and citrate, respectively. The interactions with 
changes in [Ca*+] were similar for atracurium 
and vecuronium, and were unaffected by central 
muscle innervation. The median increase in 
[Ca**+] from 1.21 to 1.59 mmol litre! shifted the 
dose-response curves of the drugs to the right 
increasing EDs. by 7-13 %, whereas the decrease 
to median 0.78 mmol litre! potentiated the drugs 
by a similar order. This indicates a lesser influence 
of [Ca] on the action of neuromuscular 
blockers than reported in a previous in vitro 
study. Even though the interactions were stat- 
istically significant, their moderate magnitude 
suggests minor clinical significance. 


KEY WORDS 


Neuromuscular blockers atracurium, vecuronium lons: cal- 
cium. 


Waud and Waud measured the effect of ionized 
calcium on block produced by tubocurarine or 
pancuronium in vitro, and estimated a 27% 
variation in dose requirement over a physiological 
range of concentrations of Ca** (1.06-1.31 mmol 
litre?) [1]. 

In 30 uraemic patients [2], the serum con- 
centration of ionized calcium ({Ca?*]) was in the 
range 0.77-1.61 mmol litre™*. In these patients we 
found no association between the responses of 


neuromuscular blocking agents and [Ca**] (un- 
published data). To elucidate this apparent dis- 
crepancy between the im vitro and the clinical 
observations, we have studied the interaction 
between ionized calcium and atracurium or vecur- 
onium in the in vivo animal model. Furthermore, 
we tested if calcium effects could be modified via 
central innervation to the muscle. 


MATERIAL AND METHODS 


We used 14 cats, bred for biomedical research at 
our animal department, of both sexes, age 13.5-—21 
months and weights between 2.8-5.4 kg. 


Anaesthesia and surgical preparation 


Anaesthesia was induced with pentobarbitone 
20-30 mg kg! i.p. with supplementary i.v. incre- 
ments as required, and maintained with an i.v. 
infusion of the barbiturate at a rate of 4~7 mg kg 
h~! using a 0.5% solution in 3.5% glucose with 
0.3% sodium chloride. Following tracheal in- 
tubation, mechanical ventilation was commenced 
at a rate of 27 b.p.m. with 40 % oxygen in air. The 
experiment was conducted in stages with control 
of pH and temperature. Tidal volume was ad- 
justed to maintain pH at 7.30-7.45. Arterial 
blood-gas tensions and pH were monitored regu- 
larly (Radiometer ABL1). A circulating water 
blanket was used to maintain rectal temperature at 
37.5-39.5 °C (Digimed H10 thermometer). A 
carotid artery was cannulated for blood sampling 
and arterial pressure monitoring. The ECG was 
recorded. An external jugular vein was cannulated 
for infusion of 3.5% glucose with 0.3% sodium 
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chloride, containing potassium chloride 4 mmol 
litre+. When the surgical preparation was com- 
pleted, this solution also included sodium di- 
hydrogen phosphate 10 mmol litre. A third vein 
was cannulated for infusion of the neuromuscular 
blocking drug. Total fluid load was 7-9 ml kg h^. 

The tendon of each anterior tibialis muscle was 
freed and connected to a Statham UC3 transducer 
equipped with a UL4-10 load cell. The output of 
the transducers was registered on a Graphtec 
Linearcorder WR3101 or a Watanabe Linear- 
corder WTR331 using Hewlett-Packard 8805C 
amplifiers. The resting tension of the muscles was 
held at 45-50 g. Digimed F3 temperature probes 
were placed subcutaneously on the muscle bellies 
(unilateral measurements in four cats). A drape of 
plastic foil (aided occasionally by the radiation of 
an electric lamp) was used when required to keep 
muscle surface temperatures at 34.5-37 °C. 

The tibial nerves were freed from the peroneal 
nerves and sectioned near the popliteal space and 
proximally on the thigh. The peroneal nerve on 
one side was sectioned likewise proximally, 
whereas this nerve was saved in the other limb. A 
shielded bipolar platinum electrode was placed on 
each peroneal nerve, and supramaximal stimuli 
were applied at 0.1 Hz (Myotest MKII nerve 
stimulators). The hind limbs were fixed securely 
to a rigid frame by pointed clamps at the knees 
and at the ankles. Wound edges were sutured. 


Drugs 

Atracurium and vecuronium were diluted in 
0.9% saline to concentrations of 0.3 mg ml and 
0.12 mg ml“, respectively. Calcium chloride 1 
mmol ml“! was diluted in 5% glucose to a 
concentration of 0.05 mmol ml-!. A formulation 
of sodium citrate 230 mg ml and citric acid 15 
mg ml-! was diluted with sterile water to a 
concentration of 0.27 mmol ml}. 
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Procedure 


Seven cats received vecuronium and a con- 
secutive group of seven animals received atra- 
curium. 

Figure 1 shows the experimental course. The 
neuromuscular blockers were administrated by 
continuous infusion, which was titrated to 
obtain constant infusion—response conditions at 
consecutive 25%, 50%, 75% and 50% blocks, 
determined from the muscle without a central 
innervation. After at least 1h infusion time at 
each response level, steady-state conditions were 
assumed, and the drug requirement and the twitch 
response were noted. After a subsequent 15-min 
period of constant-rate infusion the twitch re- 
sponse was re-assessed. While the infusion of the 
neuromuscular blockers was maintained stable, 
calcium chloride or citrate was initially infused at 
a fast constant rate followed by a slow constant-rate 
infusion to create plateaus of high or low [Ca?*], 
respectively. The calcium chloride infusion rate 
(mmol kg“! h`?) was 3.6 for 1 min, followed by 
0.25 for 6 min. The citrate infusion rate (mmol 
kg-t h~?) was 4.0 for 3 min followed by 0.8 for 
6 min. This mode of administration was intended 
to increase or decrease [Ca**] by about 0.4 mmol 
litre}. If [Ca?t] had not returned to normal 1 h 
after previous calcium chloride or citrate adminis- 
tration, the infusion of the neuromuscular blocker 
was prolonged accordingly. {Ca?*] was measured 
(ICA1 Ionized Calcium Analyzer, Radiometer, 
Denmark) at each end of a 3-min time interval at 
the end of the infusion of calcium chloride or 
citrate, during which period the median change in 
neuromuscular block was determined. 

Initially, during control twitch height we gave 
calcium chloride to the vecuronium group and 
citrate to the atracurium group. In all animals 
calcium chloride was given during the subsequent 


30 min 


m m 
== um Ca F asmmpanauanampaaaeaeaae ae a a ay 


ree 
o “ \ Ca 
ert 
25 Baran, 
\ Ca cit 
50 


Fic. 1. The experimental stages. Consecutive levels of neuromuscular blocks were produced by 
continuous infusions of atracurium or vecuronium. The broken lines indicate the approximate steady- 
state periods, when [Ca**] was altered by brief infusions of calcium chloride (Ca) or citrate (Cit). 
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Fic. 2. Twitch responses for each cat at the beginning and end of the 15~min constant-rate infusion 

periods before altering the plasma Ca*® concentrations. Atracurium (A) responses for the centrally 

denervated and innervated muscles, and equivalent vecuronium (V) responses. Broken lines indicate 
median values. 


25%, 50% and 75 % blocks, and citrate was given 
during the final 50% block. 
Statistics 

The Wilcoxon signed mid-rank test was used 
for analysis of changes within groups. Infusion 
rate~response relationships were determined by a 
variance component analysis of individual regres- 
sions, using infusion rate as the dependent 


variable. Differences were considered statistically 
significant if P < 0.05. 


RESULTS 


Age and weight in the two groups of cats were 
(median and total range): atracurium 18.5 
months (13.5-21 months) and 4.0 kg (2.84.7 kg), 
vecuronium 18 months (18-18.5 months) and 
3.9 kg (3.0-5.4 kg). 

The distribution of blocks at the constant 
infusion—response intervals are shown in figure 2. 
Even though twitch-to-twitch variation was more 
pronounced in the muscles with preserved central 
reflexes, the overall stability of individual re- 
sponses was similar in both muscles in both drug 


groups. The median individual changes in twitch 
height from start to end of these four 15-min 
intervals (in % of control in absolute values, 
neglecting the direction of the changes) were: 
vecuronium group 1.7% and atracurium group 
0.8%. 

During the last 3 min of the slow infusion 
sequence of calcium chloride or citrate, the 
plateaus of increased or decreased [Ca®?*] were 
relatively stable and close to the intended concen- 
trations of about 1.6 and 0.8 mmol litre“!, re- 
spectively (fig. 3). The overall median concen- 
trations during low, normal and high [Ca**] were 
0.78, 1.21 and 1.59 mmol litre7!, respectively. 
From start to end of the 3-min measurement 
intervals of high or low [Ca**], the median 
individual changes in [Ca?*] (absolute values) 
were 0.02 and 0.01 mmol litre, respectively, and 
were similar for both drug groups. There were no 
major differences in [Ca?*] between the com- 
parative test periods or the two drug groups (table 
I). pH and temperatures were comparable in the 
various test periods and the two groups (table I). 

In the non-curarized animals, the twitch force 
was attenuated rapidly when [Ca**] increased 
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Fic. 3. Concentrations of ionized calcium in plasma before and during the infusions of calcium chloride 
or citrate at the various levels of neuromuscular block. Medians and total ranges are presented for the 
two groups of cats: @ = atracurium; W = vecuronium. 


(table IJ), whereas the twitch force was augmented 
rapidly when [Ca?*] was decreased (table III). 
The twitch response was relatively stable during 
the 3-min period when the control values for the 
altered [Ca*t] values were determined. The 
median individual changes (as % of the control 
value) at normal [Ca?+t] from start to end of this 
3-min time interval were 0.4% (real value: i.e. 


taking the direction of the change into account) 
and 0.4 % (absolute value) for both muscles when 
[Ca**] was increased. When [Ca**] was decreased 
in the non-curarized animal, the corresponding 
values were 0.4%, 1.0% (centrally denervated 
muscle) and 0%, 1.3% (centrally innervated 
muscle). 

The increase in [Ca**] enhanced the twitch 


TABLE I. Biochenncal and temperature values at each test period (median (total range)). Concentrations 
of Ca™ were determined immediately before the infusions of calaum chloride or citrate (Normal [Ca**]). 


The plateaus of tnduced high or low concentrations of 


Ca** (Plateau [Ca**]) are quoted as the average of 


the two measurements 3 mn apart. Temperatures are from rectum and on the fascia of the centrally dener- 


vated muscle and the centrally innervated muscle 


Variables Control 25 % Block 
Atracurium (n = 7) 
Normal [Ca?*] 1.2] 1.19 
(mmol litre-) (1.08-1.25) (1.12-1.23) 
Plateau [Ca?+] 0.76 1.51 
(mmol litre?) (0.70-0.81) (1.44-1.62) 
pH 7.37 7.40 
(7.35=7.43) (7.31-7.45) 
Temperature (°C) 
Rectal 38.8 38.6 
(37.7-39.3) (38.2-38.9) 
Denervated 36.6 36.5 
(36.0—37.1) (35.6—37.0) 
Innervated 36.6 36.2 
(n = 3) (36.3-37.0) (35.6—-36.7) 
Vecuronium (n = 7) 
Normal [Ca?+] 1.20 1.18 
(mmol litre!) (1.10-1.29) (1.16-1.31) 
Plateau [Ca**] 1.60 1.59 
(mmol litre~*) (1.39-1.68) (1.39-1.80) 
pH 7.37 7.38 
(7.34-7.39) (7.32-7.42) 
Temperature (°C) 
Rectal 38.6 38.5 
(37.8-39.1) (38.2—38.8) 
Denervated 35.5 35.3 
(34.4-37.4) (35.0-36.8) 
Innervated 35.7 35.8 
(34.4-37.2) (35.1-—36.7) 


50% Block 75% Block 50% Block 
1.23 1.22 1.22 
(1.16-1.28) (1.14-1.35) (1.11-1.32) 
1.53 1.52 0.77 
(1.46-1.65)  (1.43-1.76) (0.68-0.85) 
7.37 7.38 7.42 
(7.36-7.44) (7.37-7.42) (1.35-7.46) 
38.3 38.5 38.7 
(38.2-38.6)  (37.7-39.0)  (37.7-38.9) 
36.5 36.3 36.2 
(35.3-36.8)  (35.3-36.7)  (35.3=36.6) 
36.0 35.8 36.1 
(35.2-36.6)  (35.5-36.4)  (35.5-36.6) 
1.25 1.19 1.24 
(1.19-1.31) (1.17-1.36) (1.03-1.38) 
1.59 1.60 0.83 
(1.47-1.75) (1.45-1.75) (0.57-0.94) 
7.36 7.39 7.36 
(7.26-7.41) (7.29-7.43) (7.33-7.41) 
38.5 38.5 38.8 
(38.3-39.0)  (38.2~39.0)  (38.5-39.1) 
35.3 35.3 35.4 
(34.4-36.4) (35.0-36.5)  (34.9-36.7) 
35.7 35.7 35.4 
(35.0-36.3) (34.8-36.5)  (35.0-36.6) 
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TaBe II. Twitch depressions in the centrally denervated and tnnervated anterior tibialis muscles at the various response levels 
during normal and high [Ca™]. The quoted responses are adjusted to the decrease in control twitch height at increased [Ca**}. 
Values are medians and total ranges. The mcrease in [Ca**] produced significant changes tn twitch height in all cases (P < 0.05) 


Drug Control 25 %, Block 50% Block 75% Block 
and central §©§ m 
innervation Normal High Normal High Normal i Normal High 
of muscle (%) (%) (%) (%) (%) (%) (%) (%) 
Atracurium 
Denervated 0 — 25.3 9.5 50.0 33.0 72.9 66.5 
(21.8-28.5) (—2.7—11.1)  (46.3—53.0)  (24.2—42.6) 70.1~76.2) (58.2-68.8) 
Innervated 0 — 20.4 4.9 47.6 24.8 69.9 59.4 
(6.3~-27.2) (—6.7-14.9) (0.5-53.5) (15.3-45.2) (63.4-80.8)  (51.5-75.2) 
Vecuronium 
Denervated 0 5.4 23.8 11.8 49.8 34.5 69.6 58.6 
(4.4-7.0)  (21.5-27.9) (5.3-14.0) (47.1-50.8) (29.3-38.3)  (67.1~77.3)  (51.8-60.4) 
Innervated 0 5.5 23.3 13.5 50.0 39.1 73.8 58.2 
(4.6-6.8)  (13.3-40.2) (3.1-30.0) (42.1-59.5) (24.3-51.0)  (64.3~75.7) (53.6-70.9) 


TABLE III. Twrtch depressions in the centrally denervated and innervated anterior tibialis muscles at con- 
trol and 50% twitch response during normal and low [Ca]. The quoted responses during neuromuscular 
block are adjusted to the increase tn control twitch keght at decreased [Ca**]. Values are medians and 
total ranges. The decrease tn [Ca**] caused significant changes tn twitch height (P < 0.05) m all groups, 


except during 50% block for the centrally denervated muscle m the atracurium group (P = 0.052) 


Drug Control 50% Block 
and central 
innervation Normal Low Normal Low 
of muscle (%) (%) (%) (%) 
Atracurium 
Denervated 0 —6.6 49.0 68.0 
(—12.4 to —4.8) (44.8-57.5) (35.0-73.7) 
Innervated 0 — 7.2 49.6 69.4 
(—19.0 to —1.8) (26.3—56.2) (37.5-75.6) 
Vecuronium 
Denervated 0 — 48.1 89.5 
(42.9-52.1) (62.5-96.5) 
Innervated © — 52.0 72.8 
(43.3—63.3) (59.9-93.8) 
height during the three levels of atracurium or figure 5. Regression-derived infusion rate- 


vecuronium induced blocks (table II), whereas 
decreasing [Ca?*] potentiated the neuromuscular 
blocks of the two drugs (table IIT). The inter- 
actions developed rapidly to relatively stable 
response plateaus. When considering each of the 
four test periods for each innervation status and 
drug, the median individual change during the 3- 
min measurement intervals was —0.9 to 1.9% 
(real values) or 0-2.1% (absolute values) of 
control twitch height. Recordings of the effects of 
high and low [Ca**] are shown in figure 4. 
Infusion rate—-response curves are presented in 


response values are summarized in table IV. 
DISCUSSION 


Acute increase in [Ca®*] from normal to about 
1.6 mmol litre! antagonized the neuromuscular 
blocking effects of atracurium and vecuronium 
similarly in the cat. The acute reduction in the 
concentration of Ca?* from normal to about 
0.8 mmol litre-! potentiated both drugs. There 
were no major differences in the median calcium 
effects whether the muscle was centrally inner- 
vated or not. 
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Fic. 4. Recordings showing the effects of high and low [Ca?*] on the twitches of the centrally denervated 

anterior tibialis muscle. Upper panels: responses before the administration of neuromuscular blocking 

drugs; lower panels: during 50% neuromuscular block. Smaller transient elevations of base line during 

the citrate infusion were observed in two other cats. The selected recordings represent the median 
change in twitch height which was closest to the mean values in the 14 cats. 
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Fic. 5. The median dose-response relationships for vecur- 
onium (W C) and atracurium (@ ©) are demonstrated for the 
three values of [Ca?*]. Open symbols represent the muscle 
preparations with intact central innervation. The dose— 
response curves at normal [Ca**] (solid lines) were shifted 
similarly to the right (broken lines) when [Ca?*] was increased 
by about 0.4 mmol litre™!. When [Ca**] was decreased by 
about 0.4 mmol litre! during 50% response, the depression 
of twitch height was potentiated (single symbols). 


` proximate values are 45-50 %, 


Alteration of [Ca** / 


In addition to the effects on [Ca?*], infusions of 
calcium chloride or citrate may also interact with 
plasma magnesium. The active ionized fraction of 
magnesium in human plasma is 55%, and the 
inactive remainder is either protein-bound (32%) 
or chelated as low molecular weight complexes 
(13%) [3]. For calcium the corresponding ap- 
40% and 10-12%, 
respectively [4]. 

Pedersen estimated the relationship for the 
equilibrium between the serum protein binding 
and the ionic concentrations of these two com- 
petitive divalent cations [5]. According to his 
formulae, the increase of [Ca?+] from 1.2 to 1.6 
mmol litre”? makes the protein-binding of mag- 
nesium about 1 percentage point less, which is 
negligible. The effect of Ca*t on low molecular 
weight magnesium complexes is unknown. 

Infused citrate forms complexes with calcium 
in addition to magnesium. Because the dis- 
sociation constant of calcium citrate and mag- 
nesium citrate is the same (10° **) [6], citrate 
reduces the concentrations of Mg** and Ca** in 
the same proportion, provided that there is 
negligible interaction from other complexing 
agents. 
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TABLE IV. Dose-response regression data for atracurium and vecuronium during normal and high [Ca™}, 
using anterior tibialis muscles without or with a central tnnervation. Values are mean with 95% 
intervals 


confidence 
Denervated Innervated 
Drug 
and ED p Slope ED o Slope 
[Ca**] (ug kg ho) (log) (ug kg? bo*) (log) 
Atracurium 
Normal [Ca’*] 226 0.42 238 0.43 
(204-251) (0.20—0.64) (218—260) (0.26-0.59) 
High [Ca**] 255 0.36 267 0.39 
(228-290) (0.18-0.53) (242-299) (0.25-0.53) 
Vecuronium 
Normal [Ca"+] 101 0.29 100 0.26 
(93—110) (0.11-0.47) - (92-109) (0.08-0.44) 
High [Ca?+] 111 0.31 107 0.25 
(100-123) (0.13-0.48) (97-118) (0.08-0.42) 
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To avoid hypophosphataemia from moderate 
administration of glucose during the prolonged 
experimental course, phosphate was added to the 
infusion fluid [7]. Low concentrations of phos- 
phate in plasma may impair neuromuscular func- 
tion and hamper the restoration of increased 
[Ca**] to normal [8]. 


Neuromuscular responses 


Effects of varying calcium concentration on 
atracurium- or vecuronium-induced blocks have 
not been reported previously. If we assume 
approximated steady-state conditions during our 
test periods, the rate of infusion relates directly to 
drug concentration for the given response. Using 
an isolated guineapig nerve—lumbrical muscle 
preparation, Waud and Waud found that the 
actions of pancuronium and tubocurarine were 
affected similarly by changes in concentration of 
calcium [1]. This compares to our finding that 
calcium interacted similarly with atracurium and 
vecuronium. 

The size of interaction was, however, less in our 
study than that reported by Waud and Waud. The 
median change of [Ca?*] from 1.21 to 1.59 mmol 
litre! increased ED,, by 7-13% in our in vvo 
preparations, whereas it can be calculated from 
the im vitro data of the former workers that a 
similar increase in [Ca*t] would lead to a 35% 
increase in ED,, [1]. 

When [Ca?*] was decreased to median 
0.78 mmol litre~!, the potentiation of atracurium 
and vecuronium was of similar magnitude as the 
antagonism observed at high [Ca**]. As discussed 


above, the decrease in [Ca**] produced by citrate 
is accompanied by a proportional reduction in 
plasma concentration of ionized magnesium 
({Mg**]). To our knowledge, it has not been 
reported how the action of neuromuscular block- 
ing drugs is affected by hypomagnesaemia. 
Because a reduction in [Mg**] markedly increases 
the amount of evoked acetylcholine released from 
the motor nerve terminal [9], it is likely that these 
non-depolarizing agents are antagonized by low 
{[Mg**]. Accordingly, we have probably under- 
estimated the interaction with atracurium and 
vecuronium caused by low [Ca?*]. However, the 
pronounced depression of twitch responses associ- 
ated with the citrate infusion shows that a 
decrease in [Mg?*] has considerably less effect on 
the neuromuscular blocking action of atracurium 
and vecuronium than a proportional decrease in 
[Ca**]. 

Ca*™ interactions were similar in the centrally 
innervated and denervated limb. Therefore, the 
disagreement between our clinical and the 
reported im vitro findings cannot be explained by 
centrally mediated neural activity masking the 
direct action of Ca** at the neuromuscular junc- 
non. 

Even though acute changes in [Ca**] produced 
statistically significant interactions with atra- 
curium and vecuronium, the magnitude of these 
effects might be considered clinically insignificant. 
This would agree with the lack of association 
between [Ca**] and the potency of neuromuscular 
blockers in renal failure patients. Such patients 
have large inter-individual differences in their 
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sensitivity to neuromuscular blocking drugs [2], 
which confounds moderate interactions of Ca’. 
The normal physiological range of [Ca?*] in other 
patients probably affects the drug responses 
negligibly. 
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EFFECT OF DANTROLENE ON VENTILATION AND 
RESPIRATORY MUSCLE ACTIVITY IN ANAESTHETIZED 


DOGS 


A. OLIVEN, E. CHANDLER DEAL JR AND S. G. KELSEN 


SUMMARY 


The effect of dantrolene on ventilation and 
ventilatory muscle activity was evaluated in 
spontaneously breathing anaesthetized dogs. 
When administered as a bolus of 1.5 mg kg" i.v., 
dantrolene caused hypercapnia. Under isocapnic 
conditions, with end-tidal PCO, maintained at 
8.7 (SEM 0.3) kPa by adjusting inspired carbon 
dioxide, dantrolene decreased tidal volume from 
475 (66) to 254 (46) ml and breathing rate from 
21 (4) to 15 (3) b.p.m. (P < 0.07 for both). 
Occlusion pressure was reduced, but the rate of 
rise of the diaphragm and intercostal EMG were 
unchanged and peak activity increased only as a 
result of prolongation of inspiration. Respiratory 
variables returned gradually to baseline values 1 
h after dantrolene administration. Phrenic nerve 
stimulation revealed a marked reduction in the 
ability of the diaphragm to generate pressure, 
particularly at low frequencies of stimulation. 
Only partial recovery was observed after 1 h. It is 
concluded that dantrolene causes hypoventi- 
lation in the anaesthetized dog when given in 
large doses i.v. 


KEY WORDS 


Neuromuscular relaxants: dantrolene. Ventilation. respiratory 
muscle activity. . 


Dantrolene sodium is a skeletal muscle relaxant 
that acts on the excitation—contraction coupling 
sequence by reducing the depolarization-induced 
calcium efflux into sarcoplasm [1,2]. Dantrolene 
does not alter neuromuscular transmission or the 
electromyogram [3—5], but the force produced by 
the striated muscle in response to electrical 
activation is markedly diminished. This phar- 
macological action of dantrolene is used for the 
treatment of muscle spasticity and malignant 


hyperthermia [6]. In contrast with neuromuscular 
blocking agents, dantrolene does not completely 
abolish the muscle contractile response [5—9]. 
However, many studies have shown that in- 
hibition of up to 70-90% of muscle contractile 
performance can be achieved with dantrolene, in 
doses of 2-6 mg kg™! [6]. This could be of clinical 
relevance, as similar doses are recommended in 
the treatment of spastic disorders and the prophy- 
laxis and treatment of malignant hyperthermia. It 
is surprising, therefore, that despite its pro- 
nounced muscle relaxant action, dantrolene has 
been shown to have little effect on breathing 
[10,11]. Sparing of ventilation occurred, despite 
marked depression of the diaphragm contractile 
response to electrical stimulation, suggesting that 
reflex increases in neural drive may compensate 
for the decrease in muscle force [12]. 

The present study was undertaken to evaluate 
the effects of dantrolene on breathing and the 
possible mechanisms which may compensate for 
inspiratory muscle weakness. 


METHODS 


Mongrel dogs of both sexes (wt 9-18 kg) were 
anaesthetized with pentobarbitone 25 mg kg i.v. 
Supplementary anaesthesia was administered if 
needed, and a final dose of pentobarbitone 5 mg 
ke 1 was administered 15-20 min before collection 
of data. The dogs were studied in the supine 
position while breathing spontaneously 100% 
oxygen or oxygen with supplementary carbon 
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dioxide. A tracheostomy tube was inserted and 
connected to a pneumotachograph (Fleish No. 2). 
Airflow was integrated to obtain tidal volume 
(Vr). Tracheal pressure was measured from the 
tracheostomy tube with a pressure transducer 
(Validyne MP-45). A one-way valve (Hans- 
Rudolph) separated the inspiratory from the 
expiratory tubing, and a valve in the inspiratory 
limb enabling occlusion of this limb during 
expiration. Every six to eight breaths the in- 
spiratory line was occluded for the duration of one 
breath to obtain occlusion pressures. End-tidal 
Peco, was monitored continuously using an infra- 
red carbon dioxide analyser (Beckman LB-2), 
Polyethylene catheters were placed in the femoral 
artery to monitor arterial pressure and into the 
femoral vein for drug administration. Body tem- 
perature was monitored continuously and main- 
tained at 37—38 °C with a heating pad. 

Bipolar stainless steel wires with bare tips were 
implanted into the diaphragm, in the costal lateral 
portion near the central tendon, through an 
abdominal incision that was subsequently closed. 
Similar electrodes were placed in the parasternal 
intercostal muscles in the second or third inter- 
costal space. The electromyographic signals 
from these muscles were amplified and filtered 
(WPI, DAM 5A differential preamplifier, band- 
pass 50-1000 Hz) and integrated as a moving time 
average (time constant of 100 ms). Raw and 
integrated EMG signals were monitored con- 
tinuously on a storage oscilloscope (Tektronix 
5111) and recorded, with Vt, Pco, and tracheal 
pressure signals, on a multichannel recorder 
(Electronics for Medicine VR~-12). 

In the first set of experiments, we examined the 
effect of dantrolene on ventilation and inspiratory 
muscle electrical activity. Dantrolene, obtained 
from standard 20-mg vials, was dissolved in 20 ml 
of sterile water. Dantrolene 1.5 mg kg“, was given 
in one bolus i.v. to two dogs breathing 100% 
oxygen after control data were collected. There- 
after, data were recorded every 5 min and later 
every 10 min up to 1h after dantrolene admin- 
istration. 

In six other dogs, the same procedure was used, 
but during the control period before dantrolene 
administration, a gas mixture of 7% carbon 
dioxide in oxygen was inspired. After adminis- 
tration of dantrolene, inspiratory carbon dioxide 
concentration was altered continuously in order to 
maintain a constant (i.e. baseline) end-tidal Pco,. 

Bilateral cervical vagotomy was performed 
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before dantrolene administration in two other 
dogs in which isocapnia was maintained, to 
evaluate the effect of eliminating afferent in- 
formation from the lung on the response to 
dantrolene. 

In the second set of experiments, the effect of 
dantrolene on diaphragm contractility was asses- 
sed by phrenic nerve stimulation in five other 
dogs. One of the phrenic nerves was isolated and 
cut in the lower neck close to the thoracic inlet. 
The distal end was placed on a bipolar stimulating 
electrode inside a skin flap and covered with 
mineral oil. Electrical stimulation was performed 
with a Grass stimulator during the expiratory 
pause in spontaneously breathing dogs. Supra- 
maximal current strength was assessed with twitch 
stimulations of 0.2 ms duration. Thereafter, stimu- 
lation with trains of 1]~1.5s duration and in- 
creasing frequencies (10-100 Hz) was performed 
in duplicate before and 5 and 60min after 
administration of dantrolene 1.5 mg kg™ i.v. to 
evaluate its effect on the force-frequency response 
of the diaphragm. Balloon-tipped catheters were 
placed in the lower oesophagus and stomach and 
connected to a differential pressure transducer 
(Validyne MP-45) to obtain transdiaphragmatic 
pressure (Pdi) during phrenic stimulation with 
the inspiratory limb occluded. 

Ventilation parameters and integrated EMG 
were averaged from eight to 10 consecutive 
breaths. The peak electrical activity of the in- 
spiratory muscles and activity 0.48 after onset of 
inspiration were measured, with the latter taken as 
an index of the rate of increase in electrical 
activity. Inspiratory and expiratory duration (71 
and TE, respectively) were measured from the 
diaphragm EMG. Paired Student’s ¢ test was 
used to evaluate the statistical significance of 
changes. All data are presented as mean (SEM). 


RESULTS 


Figure 1 illustrates recordings of one of the two 
dogs treated with dantrolene while breathing 
100% oxygen. Dantrolene induced a decrease in 
VT and peak tracheal occlusion pressure. Minute 
ventilation (V) decreased, resulting in an increase 
in end-tidal Pco, from 5.3 to 6.7kPa. Both 
diaphragm and costal electrical activity increased 
after administration of dantrolene. The second 
dog responded similarly, with end-tidal Pco, 
increasing from 4.9 to 6.1 kPa. In both dogs, 
respiratory parameters reached maximal changes 
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Fic. 1. Recording of respiratory parameters in a dog breathing 100% oxygen. Left: Control, before 

dantrolene; mght: 5 min after administration of dantrolene. VT = Tidal volume; Pt = tracheal 

pressure; Edi and Fic = integrated EMG of the diaphragm and parasternal intercostal muscles; 
Pco, = end-tidal partial pressure. 
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Fig. 2. Mean (SEM) ventilatory responses to dantrolene administration during isocapnia. Vr = Tidal 
volume; f = rate of ventilation; Vk = minute ventilation; Poc = occlusion pressure. 


after 5—10 min and returned gradually to baseline 
values within 50 min. 

The effect of dantrolene on respiratory para- 
meters in six dogs during isocapnia (mean end- 
tidal Pco, 8.1 (seM 0.3) kPa) is shown in figure 2. 
Dantrolene induced a decrease in both VT and 
occlusion pressure (P < 0.01) which reached mini- 


mum values 5 min after administration, and a 
Significant decrease in breathing rate and minute 
ventilation (P < 0.01). 

The effects of dantrolene administration on 
inspiratory and expiratory duration and the EMG 
of the inspiratory muscles are shown in figure 3. 
Decreases in breathing rate were caused by 
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Fic. 3. Changes in mean (SEM) (TI) and TE, and Edi and Fic peak activity (@) and rate of increase in 
activity (O) after dantrolene administration. (n == 6). 
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Fic. 4. Time course of changes in Pdi response to phrenic 
stimulation following administration of dantrolene in one 
dog. C = control. @ = 10 Hz; © = 30 Hz; A = 50 Hz. 


significant prolongation of both 71 and TE. Peak 
integrated diaphragm and intercostal EMG in- 
creased ; this was caused by prolongation of 71, as 
the rate of increase in the electrical activity 
reflected in the EMG at 0.4 s was unchanged. All 
parameters returned to control values after ap- 
proximately 1 h. 

In the two vagotomized dogs, dantrolene admin- 
istration resulted in a similar ventilatory response 
as in the other dogs, including immediate pro- 
longation of 71 and Te. In the first dog VT 
decreased from 0.68 to 0.32 litre and 71 and TE 
increased from 1.8 to 2.38 and 3.2 to 4.38, 
respectively. In the second dog Vr decreased 
from 0.41 to 0.24 litre and breathing rate from 11 
to 9 b.p.m. 


The Pdi response to electrophrenic stimulation 
before and after administration of dantrolene is 
shown in figure 4 for a dog in which stimulation 
was repeated every 5~10 min after administration 
of dantrolene. Dantrolene decreased the pressure 
generating ability of the diaphragm at all stimu- 
lation frequencies. However, decreases were 
smaller and recovery faster at higher stimulation 
frequencies. Mean data for the five dogs studied 
are shown in figure 5. Dantrolene decreased the 
Pdi primarily at low stimulation frequencies (i.e. 
10-40 Hz). Smaller reductions were observed at 
higher frequencies (i.e. > 40 Hz). Dantrolene had 
a prolonged effect on the diaphragmatic response 
to electrical stimulation at all stimulation fre- 
quencies, and only slight recovery of the Pdi 
response was observed after 1 h. Compared with 
the magnitude of the changes, recovery was faster 
at high than low frequencies. 


DISCUSSION 


The major finding of the present study was that 
dantrolene administered i.v. to anaesthetized dogs 
caused hypoventilation, mainly as a result of 
ventilatory muscle weakness, as evident from the 
decreased VT and occlusion pressure response to 
unchanged or increased neural excitation, and the 
decrease in Pdi response to phrenic stimulation. 
Studying the effects of dantrolene on respiratory 
and cardiovascular function, Ellis, Wessels and 
Carpenter [10], found no impairment in ven- 
tilation in anaesthetized dogs and sheep following 
i.v. administration of dantrolene even in doses up 
to 14.4mg kg". However, in awake sheep, VT 
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Fic. 5. Mean (SEM) Pdi response to phrenic stimulation. Left: Pdi-frequency curves expressed as 

percent of control Pdi value during tetanic stimulation with 100 Hz. Right: Percent reduction in Pdi 

from control following administration of dantrolene. @ = Control; O = 5 min; A = 60 min after 
administration of dantrolene. 


decreased substantially. This response was associ- 
ated with an increase in breathing rate, resulting 
in unchanged V. Bowman and colleagues [11] 
found no change in ventilatory variables in 
anaesthetized cats with dantrolene in doses of up 
to 8 mg kg, although some decrease in VT 
occurred in four of 12 cats, and the contractile 
response of the diaphragm to phrenic stimulation 
was reduced. The cause for the differing results in 
anaesthetized animals between previous studies 
and ours may result from changes in chemical 
drive: in previous studies, animals were breathing 
room air, and end-tidal Pco, or blood-gas tensions 
were not monitored. It is likely that carbon 
dioxide retention and hypoxia produced by dan- 
trolene-induced hypoventilation increased res- 
piratory drive and thus partially masked any 
ventilatory depressant effect. In our dogs breath- 
ing 100% oxygen, ventilatory changes were small, 
most probably caused by the increase in Pco,. As 
neural drive was unchanged during isocapnia, the 
increase in inspiratory muscle electrical activity 
with its protective effect on ventilation appears to 
be secondary to hypercapnia. The ventilatory 
depressant effects of dantrolene were readily 
evident, however, during hyperoxic, hypercapnic 
isocapnia. 

Considerable weakness in the ventilatory 
muscles must occur before there is any effect on 
resting tidal volume and minute ventilation. 
During hypercapnia, on the other hand, greater 


reserves of ventilatory muscles were being used, 
and any induced weakness of the muscles would 
be expected to produce a more obvious effect. 

An additional difference between our study and 
earlier studies was the mode of administration of 
dantrolene. In both previous studies dantrolene 
was administered in small incremental doses or 
continuous infusion to obtain a dose-response 
curve. As adaptive compensatory mechanisms 
seem to occur soon after administration of dan- 
trolene, this approach may have prevented the 
ventilatory depression observed in the present 
study after a single larger dose. 

Decreases in ventilation were reported also by 
Farquhar, Leslie and Part in anaesthetized rats 
after a single large dose (5 mg kg) of i.v. 
dantrolene [12]. These authors reported increases 
in intercostal muscle electrical activity similar to 
those observed in our first two dogs. However, as 
blood-gas variables were not controlled in their 
study, changes in EMG were probably caused by 
altered chemical drive following dantrolene-in- 
duced hypoventilation. 

In addition to decreases in Vt which could be 
explained by muscle weakness, hypoventilation 
was aggravated by a decrease in breathing rate. 
Prolongation of 71 and Tg could not be explained 
solely on the basis of a vagal response to the 
decrease in VT (i.e. stretch receptor reflex), as 
slowing in the breathing rate was observed also in 
vagotomized animals. Awake humans respond to 
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partial paralysis by increasing the breathing rate, 
thereby compensating for the decreased VT 
[13,14]. A similar response was observed fol- 
lowing administration of dantrolene in awake 
sheep [10]. In anaesthetized dogs, however, partial 
paralysis decreased breathing rate [15], but the 
cause for this slowing of ventilation is unclear. A 
direct central effect of dantrolene on ventilatory 
rhythm cannot be excluded, but a similar response 
has been observed with suxamethonium and 
gallamine, which do not cross the blood—brain 
barrier [15]. More likely, changes in afferent 
activity from the weakened muscles of ventilation 
may have affected the duration of the ventilatory 
cycle. For example, it has been shown that 
stimulation of the central end of the cut phrenic 
nerve accelerates breathing rate [16]. A decreased 
afferent input from the diaphragm, caused by 
weaker contraction or a direct effect of dantrolene 
on intrafusal fibres, may have the opposite effect. 
Changes in afferent input from other ventilatory 
muscles may act similarly [17]. Differences be- 
tween the awake and anaesthetized state may 
account also for the lack of effect of dantrolene 
administration on ventilatory variables in awake 
humans, although substantial reduction of grip 
strength was noted [18]. 

The discrepancy between the fast recovery of 
ventilatory variables in the presence of a sustained 
decrease in force-response of the diaphragm to 
electrophrenic stimulation is difficult to explain. 
The prolonged reduction in Pdi observed during 
stimulation is in accordance with previous obser- 
vations [6]. A faster recovery of ventilation would 
have been expected if neural drive to the weakened 
ventilatory muscles had increased. However, 
recovery of ventilation could not be explained by 
increases in central respiratory output to the 
diaphragm and the intercostal muscles by some 
compensatory mechanism or fading anaesthesia, 
as the rate of increase in electrical activity of these 
muscles did not change. Also, at the time when 
complete recovery of ventilation occurred (within 
lh from administration of dantrolene), peak 
EMG activity was unchanged compared with 
control. However, endogenous activation of 
muscles differs substantially from that by elec- 
trical stimulation, involving varying frequencies 
and fibres. It is possible that muscles may be less 
vulnerable to dantrolene during endogenous ac- 
tivation than during supramaximal electrical 
stimulation. For example, the depressant effect of 
dantrolene is more pronounced on fast-con- 
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tacting than on slow-contracting muscle fibres 
[4,5,7,9]. Normal quiet breathing is maintained 
primarily by slow-contracting muscle fibres [19]. 
It is possible that preferential activation of slow 
fibres attenuates the depressant effects of dan- 
trolene on ventilation. In addition, it is well 
documented that tetanic, fused contractions are 
relatively unaffected by dantrolene [4-9], as 
observed also in this study. Dantrolene-induced 
suppression of low frequencies may have shifted 
reflexly the discharge rate of ventilatory muscle 
motor neurones toward higher frequencies. In- 
creased motor output is associated usually with 
enhanced firing rate, and increased intercostal 
muscle spike frequency was observed also after 
administration of dantrolene by Farquhar, Leslie 
and Part [12]. Finally, as resting breathing 
requires relatively little activation of the dia- 
phragm, recovery of ventilation and contraction 
are not expected to parallel each other. 

Regardless of the mechanisms involved, the 
compensatory response appears to develop gradu- 
ally, and does not prevent transient hypo- 
ventilation after administration of dantrolene. 
This finding may be of clinical relevance, as the 
manufacturer recommends that malignant hyper- 
thermia should be treated with dantrolene admin- 
istered by a continuous rapid i.v. bolus of a 
minimum dose of 1 mg kg, to a maximum 
cumulative dose of 10mg kg™. In addition, 
humans may be more sensitive to the muscle 
relaxant effect of dantrolene, as the dose causing 
maximum inhibitory effect was found to be 
14.4 mg kg™ in dogs [10], but only 2.4 mg kg“ in 
healthy, awake volunteers [20]. Our findings in 
anaesthetized, hypercapnic dogs cannot be di- 
rectly applied to clinical conditions, and dan- 
trolene is seldom if ever given in these doses by 
rapid i.v. bolus to spontaneously breathing pati- 
ents. However, care should be exercised in using 
dantrolene in patients with borderline pulmonary 
function [3] or neuromuscular disease [18], in 
whom respiratory failure may result. 
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DIMETHYLTHIOUREA, A HYDROXYL RADICAL 
SCAVENGER, IMPEDES THE INACTIVATION OF 
METHIONINE SYNTHASE BY NITROUS OXIDE IN MICET 


D. D. KOBLIN AND B. W. TOMERSON 


SUMMARY 


Dimethylthiourea (DMTU), a potent scavenger of 
hydroxyl radicals, was studied to see if it attenu- 
ated the inactivation of methionine synthase 
produced by nitrous oxide in mice. Mice were 
given ip. injections of DMTU 0.5-4.0mg gq" 
or saline and, T h after injection, were exposed 
to 66% nitrous oxide in oxygen for periods of 
0.5-8h. At given times after nitrous oxide 
exposure, higher methionine synthase activities 
were found in the livers, kidneys and brains of 
mice injected with DMTU than in the saline- 
injected animals. These higher methionine syn- 
thase activities in the DMTU-treated animals 
represented a delay in the enzyme inactivation 
produced by nitrous oxide, as the difference in 
activities between the DMTU-injected and 
saline-injected mice decreased with increasing 
duration of exposure to nitrous oxide. Greater 
differences in methionine synthase activities 
between the DMTU- and saline-injected animals 
were observed with increasing doses of DMTU. 
The rate of enzyme inactivation following ex- 
posure to nitrous oxide was greater in liver and 
least in brain, and the difference in activities 
between the two groups varied with the organ 
examined. DMTU exhibited its greatest effect in 
the kidney, where methionine synthase activities 
were nearly doubled in the DMTU 2.0mg g'- 
injected compared with the saline-injected mice 
after 1-h exposure to 66% nitrous oxide. Fol- 
lowing a marked inactivation of methionine 
synthase by exposing mice to 66 % nitrous oxide 
for 4 h, injection of DMTU 2.0 mg g` at the end 
of exposure to nitrous oxide did not enhance, but 
impaired, the recovery of enzyme activity. The 
findings are consistent with the hypothesis that 
nitrous oxide combines with the vitamin By 
molecule of methionine synthase to form a 


hydroxyl radical that reacts with and inactivates 
the enzyme, and that DMTU slows this in- 
activation by scavenging hydroxyl radicals. 
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Nitrous oxide inactivates the vitamin Bs- 
dependent enzyme methionine synthase (EC 
2.1.1.13) in animals [1-3] and humans [4, 5]. Fol- 
lowing acute exposure of rodents to nitrous oxide 
and inactivation of methionine synthase, there is 
slow recovery of enzyme activity in room air and 
4 days or longer may be required for complete 
recovery [6-10]. Although it is uncertain why 
such a prolonged period is needed, it is likely that 
reaction with nitrous oxide causes damage both to 
the vitamin B,, molecule and to the enzyme, and 
that new apoenzyme needs to be synthesized [11]. 

Recent biochemical studies with the isolated 
and purified enzyme suggest a possible mech- 
anism by which the nitrous oxide-induced oxi- 
dation of the vitamin B,, molecule might lead to 
enzyme damage [12, 13]. It was proposed that 
nitrous oxide acts by one-electron oxidation of the 
cob(Dalamin form of the enzyme which is gen- 
erated transiently during turnover, with the 
formation of cob(IDalamin, nitrogen and hydr- 
oxyl radical, according to the following scheme: 
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DIMETHYLTHIOUREA, METHIONINE SYNTHASE AND N,O 


cob(I)alamin + N,O + H* 
+ cob(I]Dalamin+N,+°OH (1) 


It was speculated that the hydroxyl radical, which 
is extremely reactive [14], might attack amino acid 
residues near the active site of the enzyme and 
lead to irreversible inactivation of methionine 
synthase [12, 13]. 

If the above supposition is correct, a compound 
that scavenges free hydroxy] radicals and is able to 
penetrate into the cytoplasm where methionine 
synthase is located, might protect the enzyme 
from inactivation by nitrous oxide. 1,3-Dimethyl- 
thiourea (DMTU) [CH,NHCSNHCH,] is an 
effective scavenger of hydroxyl radicals and is 
highly permeable to cell membranes [15]. The 
administration of DMTU ameliorates cellular 
damage associated with the production of hydr- 
oxyl radicals in several tissues. For example, at 
doses of 0.5-1.0g kg, DMTU prevents granu- 
locyte-mediated oxidant lung injury in rats [15, 
16] and re-expansion pulmonary oedema in 
rabbits [17], and attenuates endotoxin-induced 
respiratory failure in pigs [18]. DMTU lessens 
reperfusion injury after short episodes of renal 
ischaemia [19] and protects against gentamicin- 
induced acute renal failure [20} in the rat. DMTU 
also protects the rat heart against reperfusion 
injury after an episode of ischaemia [21] and 
improves contractile function after regional is- 
chaemia of the dog myocardium [22]. In the 
present investigation, we tested the ability of 
DMTU to impede the inactivation of methionine 
synthase in the livers, kidneys and brains of mice 
exposed to nitrous oxide. 


METHODS 

Animals 

Adult male ICR mice (Simonsen Labs, Gilroy, 
CA), initially weighing about 30 g, were provided 
Purina Rodent Laboratory Chow (Diet No. 5001, 
Purina Mills, Inc.) and tap water ad libitum except 
during the periods of exposure to nitrous oxide. 
These studies were approved by the Animal 
Studies Subcommittee at the Veterans Adminis- 
tration Medical Center, San Francisco. 


DMTU treatments and exposures to nitrous oxide 


Four sets of experiments were performed: 

(1) Increasing duration of exposure to nitrous 
oxide. Mice were given intraperitoneal (i.p.) 
injections of DMTU (American Tokyo Kasei, 
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Inc., Portland, OR), prepared. as a solution of 
DMTU 100 mg/ml isotonic saline (0.9% NaCl), 
at a dose of 2.0 mg/g body weight. Alternatively, 
mice received i.p. injections with an equivalent 
volume of saline. One hour after the injections, 
four DMTU-injected mice and four saline- 
injected mice were inserted into individual wire 
mesh cages and placed in a 20-litre stainless steel 
chamber [23]. A mixture of nitrous oxide 5 litre 
min™! and oxygen 2 litre min`! was administered 
via an Ohio anaesthesia machine for 10 min, and 
the gas flows were then decreased to 2 litre min`? 
and | litre min“, respectively, for the duration of 
the exposure. Exposures were carried out for 
30 min and 2, 4 and 8h. The stainless steel 
chamber was equipped with a fan to circulate gases 
through a soda-lime container to remove carbon 
dioxide (23, 24]. The chamber temperature re- 
mained near 23 °C, but varied between 20 and 
25.8 °C. Gas samples were removed from the 
chamber during the exposures, and oxygen con- 
centrations were measured with a Beckman Model 
E-2 oxygen analyser. Oxygen concentrations 
varied between 32.1 and 35.1%. Gas analyses 
using a SARA mass spectrometer confirmed 
nitrous oxide concentrations to be approximately 
66 % and carbon dioxide concentrations to be less 
than 1%. Exposures were carried out between 
07:00 and 17:00. At the end of the period of 
exposure to nitrous oxide, the chamber was 
flushed with 100% oxygen approximately 10 litre 
min! for 2 min. The animals were killed imm- 
ediately with 100% carbon dioxide, and livers, 
kidneys and whole brains were isolated from the 
animals and stored at —20 to —30°C until 
analysed for methionine synthase activity. Organs 
were isolated also from a control group (n = 8) of 
mice not injected with DMTU or exposed to 
nitrous oxide. 

In the following sets of experiments the 
methods for DMTU injections, conditions of 
exposure to nitrous oxide, analysis of gas sarnples 
and tissue removal procedures were the same as 
described above. 

(2) Dose—dependence of DMTU. Mice received 
i.p. injections of DMTU 0.5, 1.0, 2.0 or 4.0 mg/g 
body weight or an equal volume of saline. One 
hour after the injections, four DMTU-injected 
and four saline-injected mice were exposed to 
66% nitrous oxide in oxygen for 1 h. These 
animals were killed immediately after exposure to 
nitrous oxide. A control group (n = 4) was not 
injected or exposed to nitrous oxide. A DMTU 
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control group (n = 4) was given DMTU 2.0 mg g™ 
but not exposed to nitrous oxide. These animals 
were killed 2 h after the DMTU injections. 

(3) Duration of protection by DMTU. Mice 
were injected with DMTU 2 mg/g body weight 
or an equal volume of saline. At 15 min or 1, 4 or 
16h after the DMTU injections, four DMTU- 
injected and four saline-injected mice were ex- 
posed for 1 h to 66% nitrous oxide in oxygen. 
The mice were killed immediately following 
exposure to nitrous oxide. A control group of mice 
(n = 4) was not injected or exposed to the gas. 
DMTU controls (n= 4) were injected with 
DMTU 2mgg', but not exposed to nitrous 
oxide and killed within 10 min of the DMTU 
injections. Before organ removal, blood was taken 
from the inferior vena cava using a 25-gauge 
needle, the serum separated after centrifugation at 
1000 g and frozen until analysed for DMTU. 

(4) Effect of DMTU on recovery of methionine 
synthase activity. Groups of eight mice were 
exposed for 4h to 66% nitrous oxide in oxygen. 
Immediately after exposure to nitrous oxide, four 
mice were injected with DMTU 2mgg"' and 
four mice were injected with an equal volume of 
saline. Each group of eight mice treated in this 
manner was killed 6 h, 16 h, 2 days or 4 days after 
injection of DMTU. A control group (n = 4) that 
was not injected and not exposed to nitrous oxide 
was also killed. Another group (n = 4) was not 
injected, but was exposed to 66% nitrous oxide 
for 4h and killed immediately after the exposure. 


Assays 


Methionine synthase activity was determined as 
described previously [2]. Activity was expressed 
as nanomoles of methionine produced per hour 
per gram of original tissue. 

DMTU concentrations in serum were quan- 
titated by a modified gas chromatographic pro- 
cedure [25]. Ten microlitre of a 3.5-mg ml“ 
solution of diethyl sulphone (internal standard) 
was added to 200 ul of serum isolated from a 
DMTU-treated mouse. The sample was mixed 
after addition of 40 ul of 1.8-mol litre! perchloric 
acid, allowed to incubate at 0 °C for 10 min, and 
centrifuged. One hundred microlitre of the super- 
natant was removed, 20p] of 2-mol litre’ 
K,HPO, added, the solution mixed, incubated at 
0 °C for 5 min, and centrifuged. One microlitre of 
the supernatant was injected onto a 60-cm long, 2- 
mm i.d. glass column packed with 20 % Carbowax 
_ 20M on Supelcoport 80/20 mesh. Operating 
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conditions of the Hewlett-Packard 5830A gas 
chromatograph used for analysis included a 
nitrogen flow through the column of 30 ml min“, 
injector and flame ionization detector temper- 
atures of 260°C, and the oven temperature 
initially set at 120°C for 2 min and then pro- 
grammed to increase to 155 °C at 30 °C min™ and 
remain at 155°C for 6min. The DMTU peak 
appeared at 0.89 min and the diethyl sulphone 
peak at 7.67 min. The coefficient of variation for 
the assay was 6.0%. 


Statistical analysis 


Statistical comparisons between the DMTU- 
and saline-injected groups were performed with 
an unpaired ¢ test. Of the 156 mice examined in 
these experiments, one mouse died when injected 
with DMTU following exposure to nitrous oxide. 
This was the only animal eliminated from stat- 
istical analysis. All values are expressed as the 
mean (SD). 


RESULTS 


In the first series of experiments, methionine 
synthase activities were determined in mice 
injected with saline or with a single dose of 
DMTU 2.0mgg7 i.p. and exposed to 66% 
nitrous oxide for various periods. Methionine 
synthase activities decreased progressively in liver 
(fig. 1A), kidney (fig. 1B) and brain (fig. 1c) with 
increasing duration of exposure to nitrous oxide. 
The rate of enzyme inactivation, for either 
DMTU-injected or saline-injected mice, was 
greatest in liver and least in brain. In liver (fig. 
1A), more than 50 % of the enzyme was inactivated 
after 30 min of exposure to nitrous oxide, whereas 
in brain (fig. 1c), less than 50% of the enzyme 
was inactivated after 2h of exposure to nitrous 
oxide. DMTU impeded the inactivation of meth- 
ionine synthase by nitrous oxide in all three 
organs. Compared with the saline-injected ani- 
mals, significant increases in methionine synthase 
activity were found in DMT U-treated animals. 
The higher methionine synthase activities in the 
DMTU-treated animals represented a delay in 
the enzyme inactivation produced by nitrous 
oxide, as the difference in enzyme activities 
between the DMTU-injected and saline-injected 
mice tended to disappear with increasing duration 
of exposure to nitrous oxide. In liver (fig. 1A), 
significant increases in methionine synthase 
activity occurred in the DMTU-treated mice for 
as long as 2h after the start of exposure, but 
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disappeared by 4 h. In kidney (fig. 1B), significant 
increases in enzyme activity were detected at 0.5, 
2 and 4h after the start of exposure in the 
DMTU -injected animals, but not at 8 h. In brain 
(fig. 1c) significant increases in methionine 
synthase activity were seen in the DMTU-treated 
mice even 8h after starting exposure to nitrous 
oxide. DMTU exhibited its greatest effect in 
kidney after a 30-min exposure to nitrous oxide; 
at this point methionine synthase activities (ex- 
pressed as nmoles of methionine produced per 
hour per gram of kidney (Sp)) were 208 (21.8) in 
the DMTU-injected and 130 (12.7) in the saline- 
injected mice (fig. 1B). 

In the second set of studies, the dose-de- 
pendence of DMTU was examined in animals 
exposed to 66% nitrous oxide for 1h. Hepatic 
methionine synthase activities were greater in the 
DMTU- injected compared with the saline-in- 
jected mice at each of the DMTU doses. However, 
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Fig. 1. Methionine synthase activities ın livers (A), kidneys 
(B) and brains (C) of mice injected with DMTU 2 mg g™ or 
saline 1 h before exposure to 66% nitrous oxide in oxygen for 
periods of 0.5, 2, 4 or 8h. The poimt at time 0 represents 
animals that were not injected and not exposed to nitrous 
oxide. Each point was determined from four separate anumals. 
Errors indicate sp; if mo error bars are shown, errors are 
within the size of the symbols. Activities were compared 
between the DMTU- and saline-injected mice at each time 
point (except time 0), and significance was calculated using an 
unpaired ft test: *P < 0.05; **P < 0.01; ***P < 0.001. 


only the highest dose of DMTU tested (4.0 mg 
g7!) produced a significant increase in this series 
of experiments (fig. 2A). In kidney (fig. 28) and 
brain (fig. 2c), methionine synthase activities 
were significantly higher even at the lowest dose 
of DMTU used (0.5 mg g). With increasing 
doses of DMTU, there was a greater separation in 
methionine synthase activities between the saline- 
injected and DMTU-treated groups. Methionine 
synthase activities were also measured in control 
mice that did not receive an injection and were not 
exposed to nitrous oxide, and in mice that were 
injected with DMTU 2.0 mg g~? and not exposed 
to nitrous oxide. In these mice that were not 
exposed to nitrous oxide, DMTU had no sig- 
nificant effect on activities in liver, kidney or brain 
(fig. 2A, B, C). 

In a third series of experiments, mice were 
given i.p. injections of DMTU 2 mg g™ or saline 
and allowed to remain in room air for various 
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times (15 min, 1 h, 4h, 16h) before exposure to 
66% nitrous oxide in oxygen for 1h. DMTU 
impeded nitrous oxide-induced enzyme inacti- 
vation in liver (fig. 3A) and kidney (fig. 3B) for as 
long as 4 h following injection, but the protective 
effect of DMTU disappeared by 16h in these 
organs In brain (fig. 3c), methionine synthase 
activities were greater at all times following 
DMTU injection compared with saline-injected 
animals, but a significant difference was obtained 
only when DMTU was injected 16h before 
exposure to nitrous oxide. Serum concentrations 
of DMTU were similar (3-4 mg ml“) in mice 
injected 15 min to 4h before exposure to nitrous 
oxide, and decreased by more than 50 % in those 
mice injected 16 h before exposure (table I). As in 
the previous series of experiments, in animals not 
exposed to nitrous oxide, DMTU had no sig- 
nificant effect on methionine synthase activity in 
any of the organs examined (fig. 34, B, C). 
Recovery of methionine synthase activity fol- 
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Fig. 2. Methionine synthase activities ın livers (A), kidneys 
(B) and brains (c) of mice injected with varying doses of 
DMTU or an equivalent volume of saline 1 h before exposure 
to 66% nitrous oxide in oxygen for 1 h. The circles indicate 
mice that were not exposed to nitrous oxide, Each point was 
determined from four separate animals. Error bars indicate 
sp. Activities were compared between the DMTU- and 
saline~injected mice for each DMTU dose, and between the 
DMTU- and saline-injected mice that were not exposed to 
nitrous oxide. Significance was calculated using an unpaired 
t test: *P < 0.05; **P < 001; ***P < 0.001. 


lowing inactivation by nitrous oxide was de- 
termined in a fourth series of experiments. In the 
galine-injected mice, recovery of enzyme activity 
occurred gradually over a 4-day period in liver, 
kidney and brain (fig. 4A, B, C). In mice injected 
with DMTU, recovery of methionine synthase 


~ activity tended to be slower in all three organs. 


DMTU produced a sedative effect that in- 
creased with increasing doses of the agent. At the 
greatest dose (4mgg™") all of the animals lost 
their righting reflex within 1 h of injection. At the 
lowest dose (0.5 mgg) marked behavioural 
changes were not evident. At the intermediate 
DMTU dose used in many of the experiments (2 
mg g`!) the animals were noticeably sedated and a 
loss of the righting refiex was often observed. 
When DMTU was administered alone, no toxic 
effects were evident, and the sedative effects were 
reversible. Mice were active 16h after injection 
with DMTU 2 mg g` (as performed in the third 
series of experiments), and appeared only slightly 
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TABLE I. Time dependence of serum DMTU concentrations m 
mice. Mice were given 2.0 mg g> 1.p. imecnons of DMTU and 
allowed to remain in room air for 15 min or 1, 4 or 16 h before 
being exposed to 66% mitrous oxtde for 1h. After the I-h 
exposure, ammals were killed wunmedtately unth 100% carbon 
dioxide and the blood removed and organs isolated. Each of the 
values below was obtained from four separate mice 


Time of Serum DMTU 
DMTU injection conen (sD) 
before N,O (mg ml?) 
15 min 3 97 (0 34) 
ib 3 16(0 57) 
4h 3.46 (0.41) 
16h 1.46 (0 31) 





“slower” than the saline-injected animals. How- 
ever, the sedative effect appeared to persist when 
injected immediately after a 4~h exposure to 66% 
nitrous oxide (as in the fourth series of experi- 
ments); these animals appeared mildly sedated 
even 2 days (but not 4 days) after DMTU 
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Fic. 3. Methionine synthase activities in livers (A), kidneys 
(B) and brains (C) of mice injected with DMTU 2 mg g`! (or 
an equivalent volume of saline) 15 min, 1, 4 or 16h before 
exposure to 66% nitrous oxide in oxygen for 1 h. The circles 
indicate mice that were not exposed to nitrous oxide. Each 
point was determined from four separate animals. Error bars 
indicate sp. Activities were compared between the DMTU- 


- xt 
| o | | | and saline-injected mice at each time point, and between the 


DMTU- and saline-injected mice that were not exposed to 
nitrous oxide. Significance was calculated using an unpaired 
t test: *P < 0.05; **P < 0.02; ***P < 0.005. 


injection. In addition, one of the mice in the 2-day 
recovery group (fig. 4) died of unknown causes 
between 1 and 2 days after exposure to nitrous 
oxide and injection of DMTU. 


DISCUSSION 


Earlier studies have shown that the breakdown of 
nitrous oxide via physical or biological mech- 
anisms may be associated with the formation of 
free radicals. The presence of nitrous oxide 
markedly enhances the production of hydroxyl 
radicals in irradiated aqueous solutions [15, 26]. 
In human intestinal contents, metabolism of 
nitrous oxide occurs via a reductive pathway [27], 
and the use of a “spin trap” demonstrates that 
this metabolism is associated with the production 
of free radicals [28]. 

The possibility that nitrous oxide might in- 
activate methionine synthase through the gen- 
eration of a free hydroxyl radical at the active site 
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of the enzyme is supported by in vitro biochemical 
studies [12, 13]. The isolated and nitrous oxide- 
inactivated enzyme exhibits absorption and elec- 
tron paramagnetic resonance spectra indicative of 
cob(IDalamin, consistent with the scheme shown 
in equation (1). As the hydroxyl radical is a 
powerful oxidant that combines with most bio- 
logical molecules at a rate that is nearly diffusion- 
controlled [14,29], “OH must react at or very 
close to its site of formation (i.e., at the cofactor or 
the substrate binding sites). Covalent modi- 
fications of the active site of methionine synthase 
by reaction with "OH provide a possible ex- 
planation for the essentially irreversible inhibition 
of this enzyme by nitrous oxide. 

Our objective was to test for the possible role of 
hydroxy] radicals in inactivating methionine syn- 
thase by examining whether or not a scavenger of 
hydroxyl radicals could protect the enzyme from 
inactivation by nitrous oxide. DMTU was used 
because it is a highly efficient scavenger of 
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Fic. 4. Methionine synthase activities in livers (A), kidneys 
(a) and brains (C) of mice injected with DMTU 2 mg g™ (or 
an equivalent volume of saline) immediately after exposure to 
66% nitrous oxide in oxygen for 4h. Mice were returned to 
a room air environment and killed with 100 % carbon dioxide 
at 0, 6 or 16h, or 2 or 4 days following exposure to nitrous 
oxide. The circle indicates mice that were not exposed to 
nitrous oxide. Each point was determined from four separate 
animals, with the exception of the DMTU-treated mice in the 
2 day recovery group, in which one of the mice died. Error 
bars indicate sp. Activities were compared between the 
DMTU- and saline-injected mice at each time point, and 
significance was calculated using an unpaired ż test: *P < 
0.05; **P < 0.02; ***P < 0.001. 


hydroxyl radicals [15]; it penetrates into the 
cytoplasm of cells [15] (where methionine syn- 
thase is located), and it protects various organs 
against the injury associated with the production 
of free radicals [15-22, 30]. The i.p. adminis- 
tration of DMTU slowed, but did not prevent, 
the inactivation of methionine synthase by nitrous 
oxide in three different organs (figs 1, 2). We 
speculate that a delay in the inactivation occurs 
when DMTU molecules near the active site of the 
enzyme scavenge some (but not all) of the 
hydroxyl radicals produced by reaction of vitamin 
B,, with nitrous oxide. The higher enzyme 
activities in the DMTU-treated animals com- 
pared with the saline-treated animals exposed to 
nitrous oxide cannot be explained by an effect of 
DMTU on methionine synthase activity per se, as 
the administration of DMTU to animals not 
exposed to nitrous oxide did not alter enzyme 
activity (figs 2, 3). 

The ability of DMTU 2mgg™ to protect 
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methionine synthase against inactivation by ni- 
trous oxide occurred within 15 min of injection 
and persisted for 4h or longer (fig. 3). The 
duration of the protective effect of DMTU 
appeared to be longer in brain (fig. 3c) than liver 
(fig. 3A) or kidney (fig. 38). The prolonged effect 
of DMTU is consistent with the serum half-life of 
DMTU in the mouse, which is 5-17 h (table I). 
This half-life of DMTU in the mouse serum is 
shorter than the plasma half-lives (approximately 
25 h) measured in rats [15], dogs [22], and sheep 
[31] given DMTU at doses ranging from 0.5 to 
0.75 g kg“. 

If the inactivation of methionine synthase by 
nitrous oxide proceeds via the mechanism in 
equation (1), the generation of a hydroxyl radical 
at the active site of the enzyme might react 
covalently with amino acid residues, vitamin B,,, 
or both. In this process, the hydroxyl radical 
would be consumed and the enzyme damaged 
permanently. Thus if DMTU were given after 
the irreversible reaction of the hydroxy! radical 
with the active site of the enzyme, it should not 
enhance recovery of enzyme activity. Indeed, 
DMTU did not enhance recovery of methionine 
synthase activity following nitrous oxide inac- 
tivation, but instead slightly delayed enzyme 
recovery compared with saline-injected mice (fig. 
4A, B, C). Methionine synthase activities in livers, 
kidneys and brains of saline-injected animals 
gradually recovered over the 4-day period after 
nitrous oxide inactivation, consistent with pre- 
vious results in mice [2, 10]. The reason for the 
slower recovery in the DMT U-treated animals 
during the first day after exposure to nitrous oxide 
is not known, but one possibility is that DMTU 
may impair.protein synthesis, and that synthesis 
of new enzyme is required for recovery of 
activity. 

The present studies also suggest an explanation 
for the marked differences in the time course of 
methionine synthase inhibition between species 
and between different organs in the same species. 
For example, rats exposed to 50% nitrous oxide 
exhibit rapid inactivation of hepatic methionine 
synthase with a half-time of approximately 5 min 
[5], whereas the rate of inactivation of hepatic 
methionine synthase activity in patients exposed 
to 50-70 % nitrous oxide is of the order of 1 or2h 
[4,5]. Similarly, the rate of enzyme inactivation 
in mice exposed to 66 % nitrous oxide is slower in 
brain (fig. 1c) than in liver (fig. 1A). If methionine 
synthase inactivation by nitrous oxide results 
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from the production of a hydroxyl radical (equa- 
tion (1)), the presence of intrinsic cytoplasmic 
antioxidants capable of scavenging hydroxyl radi- 
cals might slow this inactivation. A slower 
inactivation rate in human liver compared wıth rat 
liver and in mouse brain compared with mouse 
liver might be associated with relatively high 
concentrations ofintrinsic hydroxyl radical scaven- 
gers in these organs. 

The present findings demonstrate that DMTU 
impeded the inactivation of methionine synthase 
by nitrous oxide and are consistent with the 
hypothesis that a hydroxyl radical is produced 
when nitrous oxide reacts with the Co*! atom of 
vitamin B,, and that this hydroxy] radical damages 
the enzyme. However, other interpretations 
should be considered. A delay induced by DMTU 
in the equilibration of nitrous oxide seems an 
unlikely explanation, as the partial pressure of 
nitrous oxide in vessel-rich organs approaches 
that of the inspired partial pressure within several 
minutes after nitrous oxide administration [32]. 
The possibility also exists that DMTU might 
impair the penetration of nitrous oxide molecules 
to vitamin Ba. This could occur directly by 
surrounding the cofactor with relatively high 
concentrations of DMTU molecules, or indirectly 
by a DMTU-induced conformational change in 
the enzyme, thereby resulting in a vitamin B,, 
molecule that is less accessible to nitrous oxide. 
Another possible explanation is that DMTU may 
decrease enzyme turnover in vivo, as methionine 
synthase inactivation by nitrous oxide apparently 
occurs only while the enzyme is turning over [12]. 
Finally, it should be noted that, while DMTU is 
an effective scavenger of hydroxy] radicals, it is 
also an effective scavenger of other oxidants [33], 
and that its protective effect is not proof of 
damage mediated by a hydroxy] radical. 

Through inactivation of methionine synthase, 
nitrous oxide might contribute to the haema- 
tological and neurological abnormalities seen 
occasionally in patients following anaesthesia [34]. 
As DMTU only slows the enzyme inactivation 
produced by nitrous oxide and does not prevent 
inactivation (fig. 1), and as DMTU needs to be 
given in relatively high doses before adminis- 
tration of nitrous oxide to impede inactivation, it 
is unlikely that DMTU will be useful clinically to 
counteract the effects of nitrous oxide. Further- 
more, the long-acting sedative properties of 
DMTU (also noted by others [31]; Michael T. 
Snider, personal communication), provide an 
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additional difficulty in the clinical use of this 
compound. 
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AXILLARY BRACHIAL PLEXUS BLOCK: METHOD OF 


CHOICE? 


M. S. BROCKWAY AND J. A. W. WILDSMITH 


The first brachial plexus block is said to have been 
performed by William Halsted in 1884 [32], soon 
after Koller {13] had demonstrated the local 
anaesthetic properties of cocaine. He injected the 
drug under direct vision, after exposing the plexus 
using infiltration anaesthesia. The first percu- 
taneous blocks were performed independently in 
1911 by Hirschel [11] and Kulenkampff [14], 
using the axillary and supraclavicular routes, 
respectively. Interscalene block was described by 
Etienne [8] in 1925. 


ue ANATOMY 
Position 
The brachial plexus lies initially in the myo- 
fascial plane between scalenus anterior and 
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medius. The fascia surrounding these muscles 
continues along the plexus as a fibrous sheath, 
enveloping the nerves and the subclavian vessels 
to form the neurovascular bundle. The plexus 
crosses the first rib posterior to the subclavian 
artery, to pass into the axilla and surround the 
axillary artery. The neurovascular bundle then 
passes down the arm between the coraco- 
brachialis, biceps and triceps muscles. 


Composition 

The plexus is formed from the anterior rami of 
C5-8 and T1 (fig. 1), with variable contributions 
from C4 and T1. The five roots unite to form three 
trunks at the lateral border of the scalene muscles. 


The roots from C5/6 form the upper trunk, C7 
the middle and C8/T1 the lower trunk, all of 
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Fig. 1. Major formative elements of the brachial plexus. M-C = Musculocutaneous; M = median; R = 
radial, C = circumfiex humeral; U = ulnar; ICBN = intercostobrachial; MCNA = medial cutaneous 
nerve of arm; MCNF = medial cutaneous nerve of forearm. 
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which lie in the same tissue plane as the subclavian 
artery. The upper and middle trunks lie above the 
artery and the lower behind it. Each trunk divides 
into anterior and posterior divisions which cross 
the first rib posterior to the clavicle, and unite to 
form the cords. The cords are named according to 
their relationship to the second part of the axillary 
artery. The posterior cord is formed from the 
three posterior divisions, the lateral from the two 
upper anterior divisions and the medial from the 
lower anterior division. 

Branches issue from the roots, trunks and cords 
of the brachial plexus. The major branches of the 
roots are the C5 contribution to the phrenic nerve 
and the nerves to the serratus anterior, rhomboid, 
scalene and levator scapulae muscles. The trunks 
give rise to the suprascapular nerve and the nerve 
to subclavius. The musculocutaneous and lateral 
pectoral nerves and the lateral head of the median 
nerve arise from the lateral cord. The posterior 
cord has five branches: the radial, axillary, 
thoracodorsal and upper and lower subscapular 
nerves. The medial cord gives rise to the medial 
pectoral, ulnar, medial cutaneous nerves of fore- 
arm and arm, and the medial contribution to the 
median nerve. 

The sympathetic innervation of the arm is 
derived from T1—5, the T1-2 contribution joining 
the branchial plexus via the stellate ganglion, 
whilst fibres from T3—5 run with the arterial tree. 


Relations 


Initially the brachial plexus lies between the 
scalene muscles and traverses the posterior tri- 
angle of the neck (fig. 2). Anteriorly it is covered 
by the skin, superficial fascia, platysma, deep 
fascia and the scalenus anterior. It is crossed by 
the supraclavicular nerves, nerve to subclavius, 
inferior belly of omohyoid, external jugular vein 
and transverse cervical artery. The posterior 
relations are scalenus medius and the long thoracic 
nerve. Inferiorly lie the first rib and the first 
digitation of serratus anterior with the subclavian 
artery anteriorly and the scalenus medius behind. 
The dome of the pleura, covered by Sibson’s 
fascia, lies inferomedial to the plexus just before it 
crosses the first rib. 

In the axilla, the lateral and posterior cords are 
lateral to the first part of the axillary artery, whilst 
the medial cord is behind it. The cords surround 
the second part of the artery and derive their 
names from their positions relative to it: medial, 
posterior and lateral. With the exception of the 
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medial root of the median nerve, the branches of 
the cords maintain this relationship to the third 
part of the axillary artery, and these positions 
reflect their distribution in the limb. 


TECHNIQUES OF BRACHIAL PLEXUS BLOCK 


Although many techniques of brachial plexus 
block have been described, there are essentially 
four sites of approach: interscalene, supra- 
clavicular, infraclavicular and axillary. 


Interscalene 


The current popularity of this block is a result 
of the work of Winnie [31]. The patient is placed 
supine with the arm to the side and the head 
turned slightly away. The sternocleidomastoid 
and scalene muscles are identified. The former 
may be accentuated by making the patient lift 
the head, and the latter by a maximal inspiration. 
Level with the 6th cervical vertebra (in line with 
the cricoid cartilage), and at the lateral border of 
the clavicular head of sternocleidomastoid, the 
index finger is rolled laterally across the belly of 
scalenus anterior until the interscalene groove is 
identified. The needle is inserted into the groove 
in a direction that is perpendicular to the skin in 
all planes and advanced until appropriate para- 
esthesiae or response to electrical stimulation are 


_ obtained. 
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Supraclavicular 


There are numerous techniques and modi- 
fications of this approach, and the one used is 
largely a matter of individual preference. The 
brachial plexus is in its most compact state in this 
region—the three trunks lie very close together— 
so that complete block should be more likely. 

The patient adopts a position similar to that 
described above. The procedure may be facilitated 
by asking him to reach for his knee or by placing 
a small sandbag between his scapulae. Both 
manouevres have the effect of lowering the 
shoulder. The point of needle insertion is approxi- 
mately 1 cm above the midclavicular point, just 
lateral to the subclavian artery and the outer 
border of scalenus anterior. This point should be 
near a line projected from the initial course of the 
external jugular vein (which can be made more 
prominent by blowing out the cheeks). The needle 
is directed downwards, inwards and backwards 
so that it is pointing towards the spine of the 6th 
thoracic vertebra. As the needle is advanced, the 
plexus should be located by either paraesthesiae 
or electrical stimulation. If contact with the upper 
face of the first rib is made without having located 
the plexus, the needle is moved in an antero- 
posterior direction until it is found. 

Another popular method of supraclavicular 
block is the subclavian perivascular technique, 
described by Winnie [33]. For this block the 
patient adopts a position similar to that described 
above. The subclavian artery is palpated at the 
base of the interscalene groove, the pulsation 
being more readily appreciated if the patient lies 
completely flat without a pillow. The needle is 
inserted just above the palpating finger and 
directed caudally until paraesthesiae or response 
to electrical stimulation are obtained. A click may 
be felt as the needle enters the sheath. 


Infraclavicular 

Raj and his colleagues described this, least 
used, approach to the brachial plexus in 1973 [20]. 
With the patient in the supine position, the needle 
is inserted and directed laterally at 45° to the 
skin in the coronal plane, 2-3 cm below the mid- 
clavicular point. It is usual practice to use a nerve 
stimulator with this technique. Initially, the 
pectoral muscles are stimulated, but this response 
ceases as the tip advances. As the plexus is 
approached, appropriate contractions are elicited 
and the voltage should be decreased until move- 
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ment just persists. The needle is advanced again 
until maximal movement is observed. 


Axillary 

The patient lies supine with the arm in the 
coronal plane and abducted to about 80° with the 
humerus externally rotated and the elbow flexed. 
Further abduction should be avoided as it impedes 
arterial palpation [12] and proximal [19] and 
circumferential spread of local anaesthetic [26]. 
The axillary artery is palpated at its most medial 
point, the needle is inserted over it and directed 
towards the perceived course of the neurovascular 
bundle. A click is often felt as the tip enters the 
sheath; other signs of correct needle placement 
include paraesthesiae, response to electrical stimu- 
lation, transmitted pulsation from the artery or 
puncture thereof. It is usual practice to advance 
the needle or catheter some distance centrally, to 
try and ensure that the injection is made above the 
point where the musculocutaneous nerve leaves 
the sheath. 


COMPLICATIONS 


Each block described may produce complications. 
Puncture of a vessel with subsequent haematoma 
formation (which may compress the neuro- 
vascular bundle) and intravascular injection are, 
of course, possible with any approach, so careful 
aspiration tests should always precede injection. 
Other potential complications with all the ap- 
proaches are systemic toxicity caused by local 
anaesthetic drug overdose, neural damage caused 
by intraneural injection, needle or current trauma 
or accidental injection of a neurolytic substance. 

It has been suggested that the elicitation of 
paraesthesiae increases the incidence of post- 
anaesthetic neuropathy compared with other 
techniques. Selander and colleagues [24] de- 
scribed 10 cases of neuropathy attributed to 
anaesthesia. Hight of these cases were found in a 
paraesthesia group (290 cases—2.8%), whilst 
only two were found in a transarterial group (243 
patients—0.8 %). However, this difference was 
not statistically significant and interpretation of 
the findings is complicated further by the types 
of solution used. All subjects in the paraesthesia 
group (7 = 290) received mepivacaine with adren- 
aline, but only 116 of the 243 patients in the 
transarterial group received that solution. The 
others received mepivacaine without vasocon- 
strictor. All the patients who developed post- 
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anaesthetic neuropathy received mepivacaine with 
adrenaline. The blocks in the study were per- 
formed using a 14° (i.e. long) bevel needle. 

Plevack and colleagues [18] examined retro- 
spectively 716 axillary blocks performed using 
paraesthetic (477) and transarterial (239) tech- 
niques. The found a 2.9 % incidence of persistent 
neuropathy in the paraesthetic group, compared 
with 0.8% in the transarterial group. Varying 
local anaesthetic solutions (with and without 
adrenaline) were used and there is no mention of 
needle bevel, although the date of the study (1983) 
suggests a long bevel. Again, interpretation is 
difficult. In another study Selander and colleagues 
[23] demonstrated that long-bevelled needles 
(14°) caused more damage than short-bevelled 
(45°) when rabbit nerves were pierced deliber- 
ately, and they recommended that short bevels 
should be used in local anaesthetic practice. 
Unfortunately, there are no studies to date 
comparing paraesthetic and non-paraesthetic tech- 
niques with short-bevelled needles. There also is 
a tendency now to insert the needle along the 
course of the axillary sheath, whereas it is likely, 
although not stated, that the needles were inserted 
perpendicularly to the nerves in the earlier 
studies. 

Other complications are more specific to the 
approach used. Pneumothorax is seen most com- 
monly with a supraclavicular approach, but is 
possible also with infraclavicular and interscalene 
injection, although with the latter its very occur- 
rence implies incorrect technique or nomencla- 
ture. With the interscalene technique there is a 
risk of phrenic nerve, stellate ganglion and 
recurrent laryngeal nerve block. Extra- or intra- 
dural injection and vertebral artery puncture 
may occur also [12]. Phrenic nerve, stellate 
ganglion and recurrent laryngeal nerve block may 
also follow the supraclavicular technique. Block of 
these nerves is unlikely with axillary injection. 


EXTENT OF BLOCK 


The above approaches have usually been con- 
sidered in terms of their reliability in blocking the 
various nerves supplying the arm. Interscalene 
injection reliably anaesthetizes the outer aspect of 
the arm, but only blocks the ulnar nerve in 
approximately 50% of cases [12]. The supra- 
clavicular approach is usually thought to provide 
the most complete block, regularly producing 
anaesthesia of the whole of the upper arm, with 
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the exception of the skin over the shoulder [12]. 
The infraclavicular approach is said to produce a 
similar distribution of block [19]. Axillary inj- 
ection produces reliable block of the medial aspect 
of the arm, forearm and hand, but may fail to 
anaesthetize the lateral aspect of the limb (that is, 
the musculocutaneous and radial nerves) in 50% 
of patients [12]. 


CHOICE OF METHOD 


Because of the ease with which it can be performed 
and the reliability of block distribution, the 
supraclavicular approach has become the stan- 
dard by which the other techniques are judged. 
As indicated above, the interscalene and axillary 
approaches do not provide such reliable block 
distribution, but axillary injection in particular 
may carry a lower risk of complications, especially 
for the novice. The infraclavicular approach 
produces reliable block in experienced hands, 
but is technically more difficult to perform. 
The choice between these methods is influenced 
usually by the familiarity or skill of the individual 
anaesthetist with a particular technique, the 
distribution of block required and the perceived 
risk of complications. However, recent work on 
axillary injection has suggested that reliable block 
can be achieved. If this is the case, it would 
(possibly) become the technique of choice (as 
predicted by Burnham in 1958 [2]). 


FACTORS INFLUENCING AXILLARY BLOCK 


One of the main theories advanced for failure of 
axillary injection to anaesthetize the arm reliably 
was the existence of septa within the sheath 
preventing the spread of agent. This theory gained 
support when Thompson and Rorie [25], using 
cadavers and computerized axial tomography, 
demonstrated the existence of septa which ap- 
peared to form separate compartments around 
each nerve. They concluded that these limited 
circumferential spread of local anaesthetic. Thom- 
son suggested [22] that the key to successful block 
was multiple, small volume injections. 

Against this view is the fact that a single axillary 
injection not infrequently produces complete 
block of the upper limb. Vester-Andersen and 
colleagues [26] carried out further cadaver studies 
and were unable to demonstrate the presence of 
any septa. However, they did find that, as the arm 
was abducted, the stretched neurovascular bundle 
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progressively approached the lateral wall of the 
axilla. This appeared to have the effect of limiting 
circumferential spread, especially to the radial, 
musculocutaneous and axillary nerves. They con- 
cluded that this physical restriction of spread of 
injected solution (blue stained aqueous gelatine in 
their study) was responsible for the phenomenon 
of incomplete block, and suggested that injection 
with the arm by the side would help promote 
spread (this would, of course, necessitate a 
catheter technique). 

A further examination of the axillary sheath was 
undertaken by Partridge and colleagues in 1987 
[17]. In cadavers, they demonstrated the presence 
of extensive velamentous septa forming com- 
partments around the contents of the sheath. 
However, these septa were found to be incomplete 
and not a barrier to spread. Indeed, single 
injections of methylene blue into the axillary 
sheath resulted in immediate staining of the 
median, radial and ulnar nerves. Unfortunately, 
they provided no information on the musculo- 
cutaneous and axillary nerves, but concluded that 
there was no need for multiple injections into the 
axillary sheath. They also noted the failure of 
Vester-Andersen and colleagues [26] to demon- 
strate the existence of septa, and they postulated 
that the reason for this was the similar consistency 
of the velamentous septa and the gelatin that the 
latter investigators had used. 

It would seem, therefore, that the septa of the 
axillary sheath are not normally responsible for so 
called “‘patchy”’ blocks. Of course, anatomical 
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variation cannot be excluded, and it is possible 
that in some patients more substantial septa exist. 
which are capable of isolating some nerves from 
the others, especially as they spread apart in the 
distal part of the sheath (fig. 3). Ang and 
colleagues [1] found that injection outside the 
sheath could still produce block, although some- 
what more latently. Nevertheless, it is probably a 
fair assumption that the more remote the site of 
injection, the greater likelihood of patchy block. 
Selander [22] stated that one reason for failure of 
a single axillary injection technique might be 
inadequate spread because of insufficient volume 
of agent. 

In 1987, Cockings and colleagues [5] described 
a transarterial technique of axillary plexus block. 
This involved deliberate penetration of the axil- 
lary artery, then advancing the needle until its tip 
was just outside the vessel again, when 25 ml of 
1.5% plain mepivacaine was injected. The needle 
was then withdrawn into the arterial lumen, and 
advanced again until just outside the vessel, when 
a further 25 ml of the agent was injected. During 
the procedure, firm digital pressure was applied to 
the artery distal to the injection site, a manoeuvre 
used frequently to promote proximal spread, and 
one which has been shown to be more effective 
than a rubber tourniquet [34]. When injection was 
complete, firm pressure was maintained over the 
injection site for at least 7 min. An extremely 
impressive success rate of 99%, including the 
radial and musculocutaneous distributions, was 
reported ; this is considerably greater than that of 
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Fig. 3. Cross section of the arm high in the axilla (A) and at its mid point (B) to show relationship of the 
main nerves of the forearm to the axillary/brachial artery The more medial the injection, the more likely 
is local-anaesthetic solution to reach all the nerves. (Drawn from information in [1] and [17].) 


any other author or following other techniques. 
Indeed, their one failure was a complete failure, 
indicating that injection had occurred outside the 
sheath. They attributed their success to several 
factors: the volume and concentration of drug 
used; deposition of the local anaesthetic deep to 
the axillary artery (and therefore in the proximity 
of the radial nerve); and precise landmark identi- 
fication (knowing they were injecting very close to 
the artery). 

Using the catheter technique described by 
Selander [21], Vester-Andersen and colleagues 
[27] injected 1% mepivacaine 40 ml with adren- 
aline into the axillary sheath. They reported 
complete block in 63 % of patients, the remaining 
37 % having deficient block in one or more areas. 
The radial nerve was blocked in 75% and the 
musculocutaneous in 80%. Many variables were 
examined in an attempt to find a relationship with 
incomplete block, including age, weight, height, 
elicitation of paraesthesiae, and incidental arterial 
puncture, but no correlation was discovered. They 
concluded that “‘the results reject the essential 
influence of factors to which great importance has 
previously been attached”. A noteworthy point 
raised in that paper is the definition of the 
“successful block”. Unfortunately, most papers 
describe a successful block as one that is adequate 
for surgery. The success rate thus depends on the 
site of surgery, in addition to the extent of block. 
Therefore, axillary blocks for operations in the 
distribution of the ulnar and medial nerves will 
inevitably achieve greater success rates than those 
performed for surgery in the radial or musculo- 
cutaneous distributions. Whilst the description 
is adequate clinically, it makes scientific interpret- 
ation difficult. Investigation of factors influencing 
block requires thorough examination in all 
cutaneous areas before conclusions are drawn. 

Many “ideal” volumes have been described for 
axillary block, ranging from 16 to 50 ml [3, 6, 7]. 
In 1983, Vester-Andersen and colleagues [28] in- 
vestigated the role of volume in axillary block. 
Using the same technique as before, they injected 
20, 40 or 80 ml of mepivacaine with adrenaline 
such that the total dose of mepivacaine was 
400 mg. Increasing the volume from 20 to 40 ml, 
and from 40 to 80 ml significantly increased the 
incidence of analgesia in the distribution of the 
axillary nerve. There was a significant increase in 
musculocutaneous block in the 40- and 80-ml 
groups compared with the 20-ml. Anaesthesia of 
the radial nerve tended to increase with volume, 
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although not significantly. The study suggested 
that increasing volume, although tending to 
extend the analgesic areas, was not in itself the 
solution to reliable block. 

In a further study [29], Vester-Andersen and 
colleagues examined the effect of varying con- 
centration of local anaesthetic on axillary block. 
They used 40ml of 0.5%, 10% or 15% 
mepivacaine with adrenaline injected with the 
same catheter technique as previously. There was 
no significant difference in the degree of sensory 
block achieved between the groups, although 
motor block increased with concentration. An- 
other study, examining the effect of varying dose 
and volume on axillary block was carried out by 
the same group [30] in 1984. This entailed the 
administration of 40, 50 or 60 ml of 1% mepi- 
vacaine with adrenaline. They found that there 
were no statistical differences with regard to 
sensory block between the groups, but noted that 
the “incomplete” blocks tended to be ‘“‘less 
incomplete” with the greater doses. 

The above studies of Vester-Andersen and 
colleagues [26-30] were well controlled and this 
permitted information from all the studies to be 
analysed together. They concluded that: in- 
creasing volume extends the area of analgesia; 
increasing concentration enhances motor block; 
and an increase in dose improves “density” of 
the sensory block achieved. On the basis of 
these studies, they suggested that 50 mi of 1% 
mepivacaine with adrenaline would “provide 
an acceptably high incidence” of reliable block 
(50 ml is of course the volume suggested originally 
by Hather [7], and used by Cockings and col- 
leagues [5]). 

Youssef and Desgrand [35] compared two 
techniques of axillary injection—transarterial (al- 
though, unlike Cockings and colleagues [5], they 
punctured the posterior wall of the vessel only 
once) and a “‘conventional’’ method involving no 
arterial puncture. Both groups received 1% 
prilocaine 40 ml. They achieved complete block 
of the arm in 48% and 59% of patients in the 
transarterial and conventional groups, respect- 
ively. The transarterial method tended to increase 
axillary and radial nerve block (as would be 
expected), whilst the conventional technique 
tended to increase musculocutaneous block. 
These differences were not statistically significant. 
They also reported complete failure twice as often 
in the transarterial group compared with the 
conventional technique (six compared with three; 
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ns)}—a result the authors described as surprising 
in view of the definite end-point. They related 
this failure rate to unfamiliarity, and suggested 
that regular practice of a particular technique 
should increase success rate. Whilst this is 
undoubtedly true, it is worthwhile noting that, in 
Cocking’s study, the blocks were performed by 
(presumably inexperienced) trainees. 

A modified transarterial approach has been 
described by Gibbons and Leonard [10]. They 
withdrew the needle into the lumen and re- 
punctured the posterior wall of the artery, after 
every 5-ml injection of local anaesthetic, until the 
total dose (mean 48 ml) had been administered. 
No formal assessment of the resulting block was 
undertaken, but the block was “adequate” for 
surgery (site unstated) in 96% of patients. 
However, it is of note that, half-way through the 
(retrospective) study period they modified the 
technique to include musculocutaneous nerve 
block in the forearm. This change was initiated 
presumably because of repeated failure to block 
the nerve with the other technique. 

Since the introduction of axillary catheters by 
Selander in 1977 [21], many authors have de- 
scribed modifications of the technique. The 
catheter provides several advantages over needle 
techniques. These include less risk of trauma 
when advanced to a medial injection point, the 
facility to provide protracted analgesia either by 
infusion or repeated injection [9,15], the op- 
portunity to top up an inadequate block before 
surgery [4,21], and the ability to make the 
injection with the arm by the patient’s side. This 
relaxes the sheath, allowing better circumferential 
spread [26] and also avoids compression by the 
humeral head, so promoting better proximal 
spread [32]. 


CONCLUSION 


The transarterial axillary block technique de- 
scribed by Cockings and colleagues [5] stands 
supreme in terms of reliability. However, de- 
liberate puncture of a major artery is not without 
risk, especially if multiple penetrations are used. 
A recent case report [16] emphasizes that arterial 
damage is a real, albeit rare, complication of 
axillary block, even when the artery is not 
punctured deliberately. In addition, Cockings and 
colleagues used relatively large volumes of a 
strong solution; 50ml of 1.5% mepivacaine 
(750 mg) is approximately twice the amount most 
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other workers have used (400 mg). Therefore they 
measured plasma concentrations in 10 patients. 
The mean maximum concentration was 3.33 ug 
ml-t, and the greatest individual maximum con- 
centration was 5.21 pg ml-!. The threshold for 
toxicity with mepivacaine is said to be approxi- 
mately 6 pg ml! and, in a series of 514 patients, 
they saw only one case of mild systemic toxicity. 
This would suggest that such a dose of mepi- 
vacaine can be used for brachial plexus block, 
given an appropriate standard of care. Prilocaine 
also has sufficient safety margin for an equivalent 
dose to be considered. 

The results of comparative transarterial studies 
suggest that it was not arterial puncture per se 
that was responsible for the success claimed by 
Cockings and his colleagues, and it would be 
interesting, therefore, to see if the use of similar 
amounts of local anaesthetic by other axillary 
techniques (such as Selander’s catheter [21]) 
would produce such reliable block, without signi- 
ficant risk of complication. 
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EFFECT OF GLUCOSE CONCENTRATION ON THE 
INTRATHECAL SPREAD OF 0.5% BUPIVACAINE 


J. BANNISTER, J. H. McCLURE AND J. A. W. WILDSMITH 


SUMMARY 


We have studied the effects of intrathecal 
injection of 0.5% bupivacaine in solutions con- 
taining different concentrations of glucose 
(0.33%, 0.83% and 8%) in three groups of 10 
patients. The mean maximum extent of sensory 
block was significantly higher with 8% glucose 
(73.6) than with 0.83% glucose (T7.2) or 0.33% 
glucose (79.5). Administration of solutions 
containing 0.33% glucose produced a greater 
variability in upper level of sensory block (11 
dermatomes) than the two other concentrations 
(six dermatomes each). The rate of onset of 
sensory block to T12 was fastest with solutions 
containing 8% glucose. Complete motor block 
of the legs was produced in every patient. 


KEY WORDS 


Anaesthetic techniques’ 
bupivacaine, baricity. 


spinal Anaesthetics focal: 


Bupivacaine 0.5% is now used widely for spinal 
anaesthesia, although the preparations available 
are not ideal. The plain solution is slightly 
hypobaric and has a reputation for wide variability 
in the final extent of spread [1]. The hyperbaric 
solution contains 8% glucose and spreads rapidly 
but predictably to high levels in the supine patient 
[2]. Recent work with amethocaine [3] has shown 
that all solutions containing more than 1% 
glucose behave similarly. Therefore we have 
determined if solutions of bupivacaine containing 
less than 1% glucose were more predictable than 
the plain solution, but did not produce un- 
necessarily extensive spread. 


METHODS AND RESULTS 


Thirty patients (ASA I or II, age 26—67 yr) 
undergoing varicose vein surgery gave informed 


consent to the study, which was approved by the 
local Ethics Committee. Premedication comprised 
temazepam 10 mg orally 1 h before anaesthesia. 
On arrival of the patient in the anaesthetic room, 
arterial pressure and heart rate were measured 
and a venous cannula was inserted. No i.v. fluid 
was administered. Lumbar puncture was 
performed at the 3rd interspace with the patient in 
the right lateral position. The test solution was 
injected (3 ml over 108) and the patients were 
turned to the supine horizontal position for the 
remainder of the assessment period. 

The patients (10 in each group) were allocated 
randomly to receive 0.5% bupivacaine 3 ml 
containing 0.33%, 0.83% or 8% glucose. The 
last group received the commercial preparation 
and the two other groups received mixtures of 
0.75% bupivacaine, 5% glucose and 0.9% saline 
prepared just before injection. The baricities of 
the three solutions at 23 °C were 1.0018, 1.0045 
and 1.0203, respectively. 

The upper level of analgesia, motor power in 
the legs, heart rate and arterial pressure were 
assessed by a single observer who was unaware of 
the concentration of glucose used. Assessments 
were made at 2 min and 5 min and then at 5-min 
intervals until 30 min had elapsed. Analgesia was 
defined as the inability to appreciate as sharp the 
prick of a short-bevel 27-gauge dental needle. If 
there was a difference in height of block between 
left and right sides (never more than one segment), 
the mean value was used for analysis. Motor 
power was assessed using a four-point Bromage 
scale [3]. Hypotension was treated with i.v. 
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BUPIVACAINE BARICITY AND SPINAL ANAESTHESIA 


ephedrine 3 mg if symptoms such as nausea or 
dizziness became apparent. 

Comparisons between groups were made using 
Mann-Whitney and Kruskal-Wallis tests. There 
were no significant differences between the groups 
in age, height, weight or ratio of the sexes. 

The initial rate of spread of analgesia to pinprick 
was fastest with the greatest concentration of 
glucose, mean (SD) times to block at the 
T12 dermatome being 6.6 (2.9), 4.6 (2.7) and 
2.0 (0) min for 0.33%, 0.83% and 8% glucose, 
respectively. The differences between the 8 % and 
the other two concentrations were significant. 
Mean times to complete motor block in the legs 
(which was achieved in all patients) were related 
also to glucose concentration, but the differences 
between the groups were not statistically 
significant. Mean maximum level of analgesia (fig. 
1) increased with glucose Concentration, but the 
range of maximum blocks was greatest in the 
0.33% glucose group. One patient who received 
this formulation had a block that was inadequate 
in extent for the proposed surgery and required 
general anaesthesia. 

The incidence of hypotension was greatest in 
those patients given solutions containing 8% 
glucose, but the differences between groups were 
small. 


ty \ 
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COMMENT 


It is widely acknowledged that a solution made 
hyperbaric by the addition of glucose (usually in 
a 5% concentration) spreads in a manner different 
than one containing no glucose, but the influence 
of alterations in glucose concentration has been 
studied little. Chambers, Edstrom and Scott [2] 
found that there was little difference in the spread 
of 0.5% bupivacaine with 5% or 8% glucose. 
Lee and colleagues [3] examined the spread of 
0.5% amethocaine solutions containing 0%, 
1.25%, 2.5% or 5% glucose. The plain, isobaric 
solution produced a block restricted to the legs 
and perineum, but all three glucose solutions 
spread to mid~-thoracic level in supine subjects. 
However, the initial spread of the solution 
containing 1.25% glucose was slower and it was 
considered that even lower concentrations of 
glucose would merit investigation. 

Bupivacaine 0.5% was chosen for this 
investigation because it is more readily available 
in the U.K. However, the plain solution does not 
reliably produce a block adequate for sapheno- 
femoral dissection when given to supine patients 


[1], so we did not use it in this study. We 


compared the commercial preparation containing 
8% glucose with two other concentrations in the 
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Fic. 1. Maximum extent of spread of spinal anaesthesia in three groups of patients. 
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range that interested us. The precise figures were 
chosen for ease of preparation at the time of 
injection. 

Glucose 0.33% resulted in blocks that were of 
a variability similar to those seen with the plain 
solution [1]. This variability has been attributed 
to the slight hypobaricity of plain bupivacaine and 
our results suggest that the addition of 0.33% 
glucose is insufficient to overcome this. However, 
a further slight increase in glucose concentration 
(to 0.83%) guaranteed a level of block sufficient 
for the proposed surgery without the extensive 
spread seen with 8% glucose (fig. 1). Hyperbaric 
solutions move under the influence of gravity and 
it would seem that the baricity of the 0.83% 
glucose solution was just sufficient to ensure 
cephalad movement of solution “down” the slope 
created by the lumbar lordosis in the supine, 
horizontal subject. This bulk movement would be 
slower than that produced by 8% glucose and 
would allow more time for drug diffusion into 
neural tissue. This would result in less likelihood 
of more extensive spread. The more rapid spread 
of solutions containing greater concentrations of 


BRITISH JOURNAL OF ANAESTHESIA 


glucose might allow a larger proportion of the 
injected dose of bupivacaine to reach the lowest 
point of the thoracic kyphosis, from where it may 
diffuse further cephalad. 

The pattern of block produced by 0.5% 
bupivacaine in 0.83% glucose has much to 
commend it, although there may be situations in 
which more rapid onset is required. Making 
bupivacaine slightly hyperbaric seemed to pro- 
duce a predictable spinal anaesthetic, with an- 
algesia to the level of the umbilicus being achieved 
in every patient and yet producing no block above 
the nipple line. 
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EFFECT OF HUMIDIFICATION ON INHALATION 
INDUCTION WITH ISOFLURANE 


P. V. VAN HEERDEN, I. H. WILSON, F. P. F. MARSHALL AND 


J. R. CORMACK 


SUMMARY 


Forty-two patients undergoing inhalation in- 
duction with isoflurane in nitrous oxide and 
oxygen, were allocated randomly to receive 
either humidified or non-humidified « gas. 
Humidification resulted in a significantly lower 
incidence of problems during induction 
(P < 0.05). 


KEY WORDS 
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Inhalation induction of anaesthesia is a useful 
technique in patients with a compromised upper 
airway, difficult venous access or potential in- 
tubation difficulties. It is practised commonly in 
paediatric anaesthesia and for those who dislike 
injections [1]. 

The use of isoflurane for inhalation induction of 
anaesthesia is associated with problems caused by 
increased airway irritability produced by this 
agent [2, 3]. These problems are most marked in 
paediatric practice. One recent study demon- 
strated lower oxygen saturations in patients 
receiving an inhalation induction using isoflurane 
compared with halothane [3]. Smokers and other 
patients with upper airway irritability also are 
known to be at increased risk of developing 
problems during induction [4]. 

It is well recognized that humidification 
decreases discomfort and complications related to 
breathing dry medical gases [5]. This study was 
designed to determine if humidification decreased 
the incidence of respiratory complications associ- 
ated with inhalation induction with isoflurane. 


METHODS AND RESULTS 


After institutional Ethics Committee approval, 42 
patients presenting for elective surgery gave 
informed consent to participate in the study. 

Patients in the humidified group received 
nitrous oxide, oxygen and isoflurane passed 
through a hot water humidifier (Cape 
Autoclavable Humidifier, Cape Engineering Ltd, 
U.K.) distal to the common gas outlet of a Boyle’s 
machine. The humidifier was heated to 60 °C, 
which gave a temperature of approximately 27 °C 
at the patient end of the Magill circuit used in the 
study. Patients in the non-humidified group 
received dry gas from a Boyle’s machine. The 
Magill circuit was connected to the theatre 
scavenging system. 

Patients were premedicated with trimeprazine 
3 mg kg! (< 30 kg), temazepam 10 mg (< 50 kg) 
or temazepam 20 mg (> 50 kg), and were assigned 
randomly, in the anaesthetic room, to receive 
either humidified or non-humidified gas. If the 
patient was selected for a humidified induction, 
the humidifier was placed in the circuit by an 
assistant. Two of the authors carried out all the 
inductions and were unable to see if the humidifier 
was connected. 

All patients had an i.v. cannula inserted before 
inhalation induction. During induction, 100% 
oxygen was given for five breaths, followed by five 
breaths of 67% nitrous oxide in oxygen and then 
five breaths of 67% nitrous oxide in oxygen with 
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TABLE I. Demographic data and complications during induction in both groups (No. of patients) 


Humidified Non-humidified 


( = 22) (N = 20) P 

Median age (yr) (range) 26 (2-88) 27 (5-79) ns 
Median weight (kg) (range) 60 (14-80) 65 (20-85) ns 
Sex (M/F) 10/12 12/8 
Children 6 5 
Smokers 6 5 
Chest problems 3 3 
Complicated induction 

All patients 2 9 < 0.05 

Smokers l 5 < 0.02 

Children 1 1 ns 
Coughing i 7 < 0.05 
Secretions l 8 <005 
Breath-holding 0 7 <00! 
Restlessness 1 3 ns 
Induction abandoned 0 3 ns 


0.5% isoflurane. The concentration of isoflurane 
was increased by 0.5% after every five breaths 
until 4% was reached. After the patient had taken 
12 breaths of 4% isoflurane, induction was 
considered completed. Fresh gas flow was 
maintained at 6 litre min“. 

During induction, the anaesthetist noted any 
coughing, laryngospasm or restlessness which 
required the patient to be restrained. If these 
problems were severe enough to require the 
induction sequence to be altered, the induction 
was classified as a “complicated induction ”. The 
anaesthetist noted also if there were any audible 
secretions, salivation or breath-holding (defined 
as apnoea for more than 15 s). 

Data were analysed by the Mann-Whitney U 
test, chi-square test with Yates’ correction, or 
Fisher’s Exact test. 

There were no significant differences in the 
demographic data and ASA status and 
premedication was similar in each group (table I). 
Three inhalation inductions had to be abandoned 
because of uncontrolled coughing in the non- 
humidified group and one case of laryngospasm 
occurred, also in the non-humidified group. 


COMMENT 


Irritation of the upper airway may be a serious 
problem during inhalation induction with 
isoflurane. In our study, humidification of 
inspired gases decreased the number of com- 
plicated inductions significantly by reducing the 
incidence of coughing, excess secretions and 


breath-holding. This was noticeable particulgrly 
in smokers. 

Another method reported [4] to reduce 
complications during inhalation induction is the 
single-breath technique using isoflurane in nitrous 
oxide and oxygen. In that study the incidence of 
complicated inductions was reduced from 50% 
(18/36 patients) to 19% (7/36 patients). In the 
present study, the incidence of complicated 
inductions was 45% (9/20 patients) compared 
with 9% (2/22 patients). Although the study 
populations were different, it is possible that 
humidification is as effective as, or possibly more 
effective than, a single-breath technique in re- 
ducing complications. 

The small number of children included in this 
study group does not allow us to assess if 


humidification decreased the incidence of 
problems in paediatric patients [2, 3]. 
When inhalation induction is planned, 


halothane is usually the agent of choice as it 
produces the smoothest induction. Unfortunately, 
there are occasions [6] when halothane is 
contraindicated and another agent has to be 
selected. When isoflurane is used for inhalation 
induction, our results suggest that humidification 
of the inspired gas mixture may reduce 
significantly the complications associated with its 
use. 
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ENHANCED THROMBOXANE SYNTHESIS WITH 


EXTRADURAL ANAESTHESIA 


A. KHAZAM, J. M. KLAUSNER AND S. LELCUK 


SUMMARY 


Reperfusion of a limb following tourniquet 
ischaemia increases plasma concentrations of 
thromboxane (TxB.). The study examined 
TxB, production during the ischaemia and 
reperfusion of femoral-popliteal bypass surgery 
and the effect of anaesthetic technique. Patients 
(n = 79) were randomly allocated to receive 
either general (GA) or extradural (EA) 
anaesthesia. TXB, concentrations were similar 
both before and after anaesthesia in the two 
groups. Clamping the femoral artery in patients 
given GA resulted in a small but insignificant 
increase in TxB, concentration. However, in the 
EA group clamping resulted in a 10-fold increase 
in TxB, concentration (P < 0.05). To demon- 
strate that anaesthesia itself was not the 
stimulus to TxB, synthesis, patients undergoing 
inguinal herniorrhaphy (n = 13) received either 
GA or EA. There were no subsequent changes in 
TxB, concentrations in each group. The results 
indicate that EA but not GA maintains collateral 
flow during femoral arterial clamping and 
provides the oxygen needed for generation of 
TxB, during ischaemia. 


KEY WORDS 
Anaesthetic technique: extradural. 


Tissue ischaemia induced by tourniquet occlusion 
or arteriosclerotic vascular obstruction is a stimu- 
lus to synthesis of the prostenoid, thromboxane 
B, [1]. Concentrations of thromboxane A, did not 
increase during application of a tourniquet, but 
only during tissue reperfusion, at a time when 
oxygen was available [2]. In contrast, ischaemia 
induced by abdominal aortic clamping during 
aneurysm surgery is accompanied by synthesis of 
thromboxane during application of the aortic 
clamp [3,4]. It is likely that synthesis of 


thromboxane during aortic clamping 1s a result of 
availability of oxygenated blood via collateral 
channels. We studied the ability of extradural 
anaesthesia (EA) to maintain collateral blood flow 
to the legs and permit synthesis of thromboxane 
(TXB) during femoral arterial clamping [5]. 


METHODS AND RESULTS 


Patients undergoing elective femoralpopliteal 
bypass surgery (n = 19) or inguinal herniorrhaphy 
(n = 13) were allocated randomly to receive either 
EA or general anaesthesia (GA). EA was induced 
with 1.5% etidocaine 12-14 ml with adrenaline. 
GA was induced with thiopentone 250 mg and 
the trachea was intubated after suxamethonium 
100 mg had been given. Anaesthesia was main- 
tained with nitrous oxide, oxygen and enfiurane. 

Blood was sampled from a cephalic vein 
catheter and stored at —70°C. Plasma 
concentrations of TxB, were measured in dupli- 
cate using radioimmunoassay [4]. There were five 
sampling periods: before anaesthesia; 5 min after 
induction of anaesthesia; 5 min after incision; 
30 min after clamping the femoral artery or, in 
hernia patients, 30 min after incision; and 2h 
after surgery was completed. Heart rate and 
arterial pressure were measured at these same 
periods. 

Statistical analysis used analysis of variance 
followed by a non-paired fr test. Significance was 
accepted if P < 0.05. Data are presented as mean 
(SEM). 

Patients receiving EA were younger than those 
given general anaesthesia (P < 0.05). All patients 
with peripheral vascular disease suffered from 
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TABLE I. Mean (SEM) TxB, concentrations (pg mf) following anaesthesia and surgery 


Anaesthesia Before 5 min after 
/Surgery anaesth. anaesthesia 
General 
Femoro—popliteal 220 (120) 189 (76) 
Hernia 171 (42) 110 (46) 
Extradural 
Femoro—-popliteal 308 (113) 366 (62) 
Hernia 192 (54) 179 (17) 


severe clinical symptoms. After surgery all grafts 
were patent. 

Preanaesthetic concentrations of TxB, were 
similar in all patients (table I). There were no 
subsequent changes in concentration of TxB, in 
herniorrhaphy patients, regardless of the type of 
anaesthetic. In patients undergoing vascular sur- 
gery, extradural but not general anaesthesia led to 
a significant increase in TxB, during femoral 
arterial clamping (P < 0.05). There were no 
differences between the groups in platelet count, 
heart rate or arterial pressure. 


COMMENT 


Tourniquet occlusion for periods as short as 
10 min is a sufficient stimulus for synthesis of 
TxB, during reperfusion [3]. Longer ischaemic 
intervals lead to a greater increase in TxB, 
concentration for longer periods of time [2, 6]. 
The size of the ischaemic region is also a 
determinant of the thromboxane response. The 
rapid return of TxB, concentrations to control 
values in the postoperative period is in accord 
with a previous study showing a rapid decrease 
5 min after aortic declamping during aneurysm 
surgery [6]. 

Neither GA nor EA themselves provoked 
synthesis of TxB, (table I). Ischaemia induced 
by clamping the femoral artery led to a marked 
increase in plasma concentration of TxB, during 
the period of clamping, but only in patients 


Sampling period 
5 min after Femoral A 2h 
incision clamping post-op. 
166 (50) 259 (152) 204 (133) 
140 (44) 132 (55) 131 (34) 
425 (67) 3638 (1052) 449 (106) 
293 (71) 297 (69) 264 (81) 


receiving EA. It is therefore likely zhat EA, but 
not GA, maintained some degree of perfusion of 
the ischaemic extremity via collateral channels. 
Synthesis of thromboxane is oxygen dependent. 
Thromboxane A, is a powerful vasoconstrictor 
and proaggregator. Its short (30-s) half-life prob- 
ably accounts for the absence of syszemic effects 
such as hypertension in the EA grour undergoing 
vascular surgery. Other indirect effects such as a 
decrease in cardiac contractility may have oc- 
curred [4]. Their clinical significance is unknown. 
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EFFECT OF NICARDIPINE ON THE CARDIOVASCULAR 
RESPONSE TO TRACHEAL INTUBATION 


K. MIKAWA, H. OBARA AND M. KUSUNOKI 


AD 


SUMMARY 


We studied the cardiovascular responses to 
laryngoscopy and intubation in 30 patients who 
received nicardipine 15 ug kg or 30 ug kg, or 
saline placebo 60s before the start of laryng- 
oscopy. Anaesthesia was induced with 
thiamylal 5 mg kg iv. and tracheal intubation 
was facilitated with vecuronium 0.2 mg kg". 
Patients receiving saline showed a significant 
increase in mean arterial pressure (MAP) and 
rate-pressure product (RPP) associated with 
tracheal intubation. The increases in MAP and 
RPP following tracheal intubation were reduced 
in both groups of patients who received 
nicardipine. 


KEY WORDS 


Arterial pressure: drug effects, nicardipine. Intubation tra- 
cheal: haemodynamic response. 


Laryngoscopy and tracheal intubation cause 
significant changes in haemodynamic state, in- 
cluding hypertension, tachycardia and arrhythmia 
[1]. Such cardiovascular disturbances may be 
dangerous in some patients, for instance those 
suffering from myocardial disease. This stress 
response can be attenuated by a small dose of 
fentanyl, local anaesthetics, a- or B-adrenergic 
blocking agents and other drugs with vasodilating 
properties. Recently it has been reported that the 
calcium channel antagonists, nifedipine and 
verapamil, which act on the cardiovascular system 
by inhibiting the influx of Ca’*, also are effective 
in controlling the haemodynamic responses to 
laryngoscopy and intubation [2, 3]. The present 
study was designed to evaluate the efficacy of 
another calcium blocking agent, nicardipine, in 
attenuating the hypertensive response to laryng- 
oscopy and intubation. 


METHODS AND RESULTS 


The present study, which consisted of two 
experimental plans based on those used by 
Stoelting [4], was approved by the Ethics Com- 
mittee and informed consent was obtained from 
all patients. 

The first part of the present study involved 
seven patients (ASA grade I) to determine the 
time course and magnitude of changes in arterial 
pressure (AP) following a single rapid i.v. in- 
jection of nicardipine during anaesthesia with 
enflurane and nitrous oxide in oxygen, but in the 
absence of the stimulation of laryngoscopy. Each 
patient received nicardipine hydrochloride 15 and 
30 ug kg! in a random order with at least 20 min 
separating each dose. MAP was recorded via a 
radial artery catheter at times described in figure 
la. Neuromuscular block was obtained by 
vecuronium 0.2mgkg 74. Ventilation was con- 
trolled to maintain Paco, within the range 4.7- 
5.5kPa. As shown in figure 1A, MAP began to 
decrease 20-408 after administration of 
nicardipine regardless of dose, and was maximal 
after 2 min, with a return toward baseline ap- 
parent by 3min and complete after 5-7 min. 
There was no significant difference between the 
two doses in magnitude of change in MAP. 

The second part of this study was undertaken in 
30 normotensive patients (ASA grade I) to 
determine the effect of prior administration of 
nicardipine on the cardiovascular responses to 
tracheal intubation. Stoelting reported that, 
typically, AP began to increase after about 15 s of 
‘laryngoscopy and became maximal after 30-45 s 
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Time after thiamylal- vecuromum (min) 


Fic. 1. A: Mean (SEM) changes in mean arterial pressure (MAP) following a single rapid ınjecticn of 
nicardipine 15 or 30 ug kg without concomitant laryngoscopy, intubation or surgery. MAP was 
recorded immediately before and 20 and 40 s, and 1, 2, 3, 4, 5, 6 and 7 min after injection of nicardif ine. 
tP <0 05 os basal value within group. B: mean (SEM) changes in MAP in response to laryngoscopy and 
tracheal intubation with or without prior nicardipine. Arrow indicates injection of saline or nicardrine 
15 or 30 ug kg and the stippled area the duration of laryngoscopy and tracheal intubation. C] = 
Control (saline); © = nicardipine 15 pg kg!; @ = nicardipine 30 pg kg. P < 0.05: tus basal value 
Within group; * vs control group. 


of direct laryngoscopy [5]. Based on the previously 
determined time course of MAP change following 
nicardipine, it was predicted that nicardipine 
administered 1 min before beginning laryngo- 
scopy would match the hypotensive effects of the 
drug with the onset and duration of stimulation 
produced by laryngoscopy and tracheal intu- 
bation. The patients, who had received no drugs 
likely to interfere with this study, were allocated 
randomly to group A (saline i.v. as a control), 
group B (nicardipine 15 pg kg“ i.v.) or group C 
(nicardipine 30 ug kg~! i.v.). Each group consisted 
of 10 patients. They were comparable in respect 
of age, weight and gender. 

Premedication consisted of diazepam 5 mg by 
mouth 1 h and atropine 0.5 mg i.m. 30 min before 
induction of anaesthesia, respectively. In the 
anaesthetic room, a radial arterial catheter was 
inserted under local anaesthesia for continuous 
monitoring of AP. Heart rate (HR) was calculated 
from a 15-s ECG recording. Anaesthesia was 
induced with thiamylal 5mgkg™? followed by 
vecuronium 0.2 mg kg to facilitate tracheal in- 
tubation. During anaesthesia, ventilation was as- 
sisted or controlled with 60% nitrous oxide in 
oxygen, and end-tidal carbon dioxide was 
maintained at 4.6-5.4kPa using a Datex 
Capnometer by means of a catheter placed in the 


nostril until after the insertion of the tracheal 
tube, when gas was sampled from a T-piece 
connected to the tube. Laryngescopy was 
attempted 1.5 min after injection o thiamylal- 
vecuronium, and tracheal intubation was com- 
pleted within 25 s in all patients using a standard 
Macintosh laryngoscope blade. Nicardipine 15 or 
30 pg kg! or saline was injected 603 (30 s after 
thiamylal—-vecuronium) before start-ng laryng- 
oscopy. All intubations were performed by the 
first author, who was unaware of the rature of the 
injection. Serial HR and AP measurements were 
obtained before induction and 30, 60. 80 s and 2, 
2.5 and 3 min after induction. 

Statistical significance (P < 0.05) -was deter- 
mined using analysis of variance and Student’s t 
test (paired within groups and unpaired between 
groups). 

There was no significant difference in MAP 
10s before the start of laryngoscopy or before 
induction between the three groups (fig. 18). 
Following laryngoscopy and intubation, MAP 
and RPP were significantly less ir the nic- 
ardipine 15 or 30 pg kg™ treated group: compared 
with the control group (RPP; data not shown). No 
abnormal changes in ECG were observed in any 
patient. 


242 


COMMENT 


To our knowledge, no reports have been 
published previously on the effect of i.v. 
nicardipine on cardiovascular changes following 
tracheal intubation. Nicardipine 15 and 30 pg 
kg"! attenuated the increases in MAP and RPP 
following tracheal intubation compared with those 
of the control group. Although nicardipine has a 
negative chronotropic effect by decreasing sinus 
rate and increasing atrio—ventricular (AV) con- 
duction time, in the present study HR increased 
after injection of nicardipine (result not shown). 
It is likely that the negative chronotropic effect of 
nicardipine, which is much weaker than that of 
verapamil, was masked by reflex sympatho— 
adrenal stimulation induced by hypotension. 
Sublingual administration of nifedipine or in- 
jection of verapamil reportedly reduced changes 
in AP following tracheal intubation [2,3]. 
Sublingual administration is, however, less prac- 
tical than i.v. administration of nicardipine. In 
contrast to nicardipine, administration of 
verapamil is contraindicated in patients with 
severe left ventricular dysfunction or AV heart 
block because it inhibits AV conduction in 
addition to cardiac function [6]. Although con- 
current use of verapamil and B-adrenergic ant- 
agonists may cause significant bradycardia or 
cardiac arrest, nicardipine seems to carry less risk. 
As the onset and duration of action of nicardipine 
were rapid and short, and there were no patients 
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in the present study who had profound hypo- 
tension regardless of the dose of nicardipine, it 
would appear to be an appropriate drug for 
attenuating the cardiovascular responses to tra- 
cheal intubation. 
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PROFOUND RESPIRATORY DEPRESSION AFTER 


EXTRADURAL FENTANYL 


M. S. BROCKWAY, D. W. NOBLE, G. H. SHARWOOD-SMITH AND 


J. H. McCLURE 


SUMMARY 


A case is described of profound respiratory 
depression occurring 100 min after the extradural 
administration of fentany! 100 ug to a patient 
undergoing Caesarean section. 


KEY WORDS 


Anaesthetic techniques: extradural, Analgesics: fentanyl. 
Ventilation. hypoventilation. 


The administration of extradural fentanyl in 
addition to local anaesthetic is becoming popular 
during labour and operative delivery [1-5]. 
Fentanyl has a rapid, intense and relatively short 
duration of action [6,7] and is considered to 
improve the efficacy of extradural block. These 
features, together with its high lipid solubility, 
have made it the opioid of choice for obstetric 
extradural anaesthesia [2]. The lipophilicity of 
fentanyl allows rapid absorption into the spinal 
cord or extradural fat, so that little drug is 
available to cause respiratory depression by 
cephalad spread in the CSF [2, 8]. 


CASE REPORT 
A 27-yr-old patient (para 1+0) presented for 


elective lower uterine segment Caesarean section | 


(LUSCS). Her past medical history included an 
emergency LUSCS delivery 5 yr earlier, which 
was performed under extradural anaesthesia; on 
that occasion extradural analgesia had been es- 
tablished during labour and a total of 18 ml of 
0.5% bupivacaine was administered over a 3-h 
period. She presented for LUSCS and received a 
further 17 ml of 0.5% bupivacaine incrementally. 
The block extended to T1 bilaterally. There were 
no adverse cardiovascular sequelae and delivery 
was uneventful, although i.v. diamorphine was 


Ea 


required because of left flank discomfort during 
the procedure. 

The current pregnancy had been uneventful, 
but the patient was scheduled for elective LUSCS 
because of the previous surgery and cephalo- 


_ pelvic disproportion. Preoperative examination 


was unremarkable, except for moderate obesity 
(weight 88.5kg, height 1.55m). She had given 
informed consent to take part in a controlled 
study on the effect of the addition of fentanyl on 
onset time of extradural analgesia with 0.5% 


‘bupivacaine. Routine prophylaxis against pul- 


monary acid aspiration syndrome, consisting of 
two doses of oral ranitidine 150 mg and sodium 
citrate 30 ml were administered. After the sodium 
citrate, she complained of nausea and vomited. 

Whilst the extradural was being established the 
patient received Hartmann’s solution 10 ml kg. 
With the patient in the left lateral position, using 
loss of resistance to saline, the L2-3 extradural 
space was identified with a 16-gauge Tuohy 
needle. A lateral-eyed extradural catheter was 
inserted 4 cm in a cephalad direction and 0.5% 
bupivacaine 5 ml with fentanyl 25ug was injected 
as a test dose. The patient was returned to a left 
lateral tilt position. After 5 min, and with no 
evidence of intrathecal oor intravascular 
administration, a further 0.5% bupivacaine 15 ml 
with fentanyl 75 ug was injected incrementally 
over 135 s. 

The onset of sensory block (analgesia to 27- 
gauge short-bevelled needle) was recorded. Loss 
of sensation at T10 occurred after 5 min and at T6 
after 10 min (left) and 15 min (right). Maximum 
block height was obtained at 30 min: C4 on the 
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left and C5 on the right. The block reached the 
sacral segments after 15 min. The patient could 
raise both legs at all times, although she admitted 
that both felt heavy. One episode of retching was 
followed by a decrease in systolic arterial pressure 
from 130 to 110 mm Hg and heart rate from 95 to 
60 beat min! so ephedrine 3 mg was administered 
i.v. prophylactically. Thereafter, arterial pressure 
and heart rate were unremarkable. 

Surgery was commenced 35 min after com- 
pletion of the injection. Before delivery, the 
mother received 60% oxygen by Ventimask. On 
delivery of a healthy child (Apgar score 9 at both 
1 and 5 min), syntocinon 10 iu was administered 
iv. The patient received two doses of 
metoclopramide 5 mg i.v. (45 and 55 min after 
extradural injection) for persistent nausea. With 
this exception, anaesthesia and surgery continued 
unremarkably, with the patient lying placidly, 
until 100 min after the initial injection of 
bupivacaine and fentanyl. At this point she 
complained again of nausea, and became 
unresponsive for a period of approximately 10s. 
Heart rate was unchanged. Thereafter, she 
responded appropriately to mild physical and 
verbal stimulation, but her Sao, (measured with 
an Ohmeda Biox 3700 pulse oximeter) had 
decreased from 95% to 83% breathing air. On 
command, she took a deep breath and restored her 
saturation. She repeatedly became apnoeic, with 
decreases in saturation to between 85 and 90% 
and on each occasion she was instructed to take a 
breath. At this time the patient was awake, but 
drowsy. After 4 min, when it had become obvious 
that the apnoea was persistent, naloxone 0.4 mg 
iv. and 0.4mg im. were administered. 
Approximately 20s later there was complete 
resolution of the apnoea with the patient alert, 
breathing spontaneously and maintaining Sao, 
greater than 95%. The extent of extradural block 
was checked, and found to have regressed to C6 
(left) and T1 (right). Surgery was completed 
about 5 min later, and the patient transferred to 
the recovery room. Continuous monitoring of 
oxygen saturation for a period of 4h did not 
detect any further episode of desaturation, and 
she was returned subsequently to the post-natal 
ward. 


DISCUSSION 


Since 1983, 0.75% bupivacaine has not been 
recommended for use in obstetric anaesthesia and 
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many investigators have found that 0.5% 
bupivacaine provides less satisfactory extradural 
anaesthesia for Caesarean section [1, 4]. Investi- 
gators seeking to enhance the performance of the 
less concentrated solution, have found that the 
addition of opioids, particularly fentanyl, was 
beneficial and reported no respiratory depression 
[1,4]. Other investigators, using non-obstetric 
patients, have reported mild depression, especially 
of the carbon dioxide response curve, with 
extradural but not i.m. fentanyl in the same dose 
[9]. Moreover, plasma concentrations of fentanyl 
were greater after administration by the i.m. 
route, despite the greater respiratory depression 
seen with the extradural route. Thus it seems that 
the main mechanism of respiratory depression 
after extradural fentanyl is cephalad spread in 
CSF. The respiratory depression demonstrated 
previously has been mild [9, 10], and it has been 
concluded that it is probably of little clinical 
significance [10]. 

The extradural anaesthetic described in this 
report was unremarkable, with the exception of a 


<. somewhat higher than normal sensory block 


(analgesia as opposed to anaesthesia). The pattern 
of onset and intensity of block were as expected 
with a mixture of bupivacaine and fentanyl! [1]. 
Subdural administration would seem unlikely but, 
even if it had occurred, the implications of 
subsequent events would be unaltered. The late 
and sudden onset of apnoea (and transient 
unresponsiveness) was unexpected. Plasma 
concentrations of fentanyl following absorption 
from the extradural space tend to peak at 5— 
10 min when administered with plain bupivacaine 
[11]. Systemic absorption is therefore an unlikely 
explanation for the events described. The res- 
piratory pattern was consistent with central opioid 
toxicity, and resolution with naloxone would 
appear to confirm the diagnosis. 

Only one case of profound, life threatening, 
respiratory depression has been reported pre- 
viously with extradural fentanyl [12]. In that case 
an obese (112 kg) ASA III man received fentanyl] 
100 pg through a catheter inserted at L1-2. In 
addition, he received other sedative agents 
(midazolam, nalbuphine and droperidol) 
systemically. At 70-100 min after injection, the 
patient became increasingly drowsy and 
unresponsive. The rate of ventilation decreased, 
and there was a tendency to airway obstruction. 
An infusion of naloxone was commenced with 
moderate response, and was discontinued after 
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20 min. The respiratory pattern again deterio- 
rated, although with verbal encouragement the 
patient would breathe. No further doses of 
naloxone were required, and he was eventually 
discharged from the recovery ward after 7 h. 

Sensory block to C4 implies that the 
bupivacaine and fentanyl solution had spread as 
far as the cervical extradural space. Whilst 
fentanyl would have been taken up by fatty 
tissues, the small amount of drug remaining free 
within the CSF would not have far to diffuse to 
the fourth ventricle. Presumably, even a tiny 
amount of opioid in the vicinity of the respiratory 
centre has a profound effect. 

The time (100 min) at which apnoea occurred is 
of particular concern. Surgery had started 35 min 
after the extradural injection as the study design 
required frequent assessments of sensory and 
motor block over 30min. This patient was 
considered to be anaesthetized adequately for 
surgery after 15 min. It is conceivable, therefore 
that surgery could have been completed, and the 
patient returned to the ward before the onset of 
respiratory depression. 


If fentanyl is administered extradurally, it is 


essential that the patient is observed continuously 
for an adequate period. This case report would 
suggest a minimum of 3h after administration. 
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FIBRODYSPLASIA OSSIFICANS PROGRESSIVA 


M. C. NEWTON, P. W. ALLEN AND D. C. RYAN 


SUMMARY 


A 14-yr-old boy with fibrodysplasia ossificans 
progressiva (FOP) presented for surgery for. 
bilateral division of his ossified masseter muscles. 
Patients with FOP may present problems to the 
anaesthetist, including difficulties with tracheal 
intubation, restrictive pulmonary disease and 
abnormalities of cardiac conduction. With our 
patient sedated the trachea was intubated using 
a fibrescope and anaesthesia was induced and 
maintained with nitrous oxide and enflurane in 
oxygen. Ventilation was controlled throughout 
surgery and recovery was uneventful. 


KEY WORDS 


Complications: fibrodysplasia ossificans progressiva. Intu- 
bation’ complications. 


Fibrodysplasia ossificans progressiva (FOP) is an 
inherited disorder of connective tissue in which 
physical handicap caused by progressive soft 
tissue ossification accompanies characteristic skel- 
etal malformations. In 1982, Connor and Evans 
published a survey identifying all patients in the 
U.K. with FOP [1]. Forty-four patients were 
identified, of whom 30 were still alive. Although 
this is a very rare disease, patients with this 
condition may frequently require surgery and 
cause problems for the anaesthetist, including 
restrictive pulmonary disease, limited neck move- 
ment and limited mouth-opening. There may also 
be abnormalities of cardiac conduction. There has 
been one report of atlanto—axial subluxation. 


CASE REPORT 


A 14yr-old boy with a confirmed diagnosis of 
FOP presented for division of ossified masseter 
muscles which had resulted in complete trismus. 
It was hoped that this would improve feeding and 
halt progressive weight loss. He had enjoyed good 


health until, at the age of 4 yr, he developed a 
large painful lump on the back of the neck 
associated with fever. This was biopsied un- 
eventfully under general anaesthesia and was 


. suggestive of malignancy. Within a few weeks he 
developed further similar lumps on his neck and 


back which were associated with pain and stiff- 
ness. These lumps were also biopsied under 
general anaesthesia at a specialist hospital and 
were reported as consisting largely of “immature 
fibroblasts interspersed with bands of collagen ”. 
These histological findings, together with the 
classical radiological appearances of thoracic soft 
tissue opacities extending up into the neck, mono- 
phalangeal big toes and shortened lst metacarpals 
confirmed the diagnosis of FOP. One year later 
his condition had deteriorated and he developed a 
rigid thoracolumbar spine with marked upper 
thoracic kyphoscoliosis. Neck movements were 
severely limited. Over the next 9 yr his condition 
continued to deteriorate despite many forms of 
treatment, which included calcitonin, pred- 
nisolone and disodium etidronate. 

On the present admission at the age of 14 yr, he 
was cachetic, weighing only 24kg, and had 
complete trismus. He was able to walk unaided, 
but had slight reduction in exercise tolerance and 
suffered frequent chest infections. Examination 
revealed a gross chest deformity, with kypho- 
scoliosis, and fixation of chest wall musculature. 
Ventilatory movements were diaphragmatic, with 
no visible excursion of the ribs. There were no 
abnormalities in the cardiovascular system. His 
neck was fixed completely in a neutral position. 
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Fig. 1, Preoperative chest x-ray. 


His shoulder joints were fixed also and he had 
fixed flexion of both elbows. 

Current treatment included prednisolone 
20 mg on alternate days, warfarin 1 mg daily, 
disodium etidronate 400mg daily and a low 
calcium diet. All biochemical and haematological 
investigations, including coagulation studies, were 
within normal limits. A preoperative chest x-ray 
(fig. 1) confirmed a gross upper thoracic scoliosis 
with marked ossification of soft tissues and 
associated rib deformities. Cervical spine x-rays 
(fig. 2) showed hypoplasia of the cervical vertebral 
bodies, with almost complete fusion of the spinous 
processes. Pulmonary function studies confirmed 
a severe restrictive defect (table I). ECG was 
unremarkable except for a sinus tachycardia. 

He was premedicated with i.m. papaveretum 
5 mg, hyoscine 0.1 mg and hydrocortisone 50 mg. 
On arrival in the anaesthetic room he was given a 
gargle of 4% lignocaine. ECG monitoring was 
commenced and he was sedated cautiously with 
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Fic. 2. Preoperative x-ray of cervical spine. 


TABLE I. Respiratory function test results (test performed 








sitting) 
Predicted Actual 
PEFR (litre min~4) 314 122 
FEV, (litre) 2.14 0.58 
FVC (litre) 2.61 0.54 
FEV,/FVC (%) 82 93 





droperidol 1 mg i.v., fentanyl 50g i.v. and 


midazolam increments totalling 7 mg i.v. Cocaine 
paste (25%) was applied to both nares. The 
trachea was intubated with a 5.5-mm tracheal 
tube (Portex Ltd) introduced nasally over a 
fibreoptic bronchoscope (Olympus ENF-P). Fol- 
lowing confirmation of correct placement of the 
tracheal tube, anaesthesia was induced and main- 
tained with enflurane and 50% nitrous oxide in 
oxygen. Ventilation was controlled without diffi- 
culty during the 30-min operative procedure. 
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Arterial pressure, ECG, pulse oximetry and end- 
tidal carbon dioxide measurements remained 
within normal limits throughout the procedure. 

At operation, bilateral intra-oral buccal in- 
cisions were made until sufficient mouth opening 
had been achieved for a throat pack to be inserted. 
The coronoid processes and fibro-osseous at- 
tachment of the temporalis muscles were sec- 
tioned, as were fibrous bands in the masseters and 
medial pterygoids. At the end of the procedure 
mouth opening to 5cm was possible. With the 
patient still anaesthetized, direct laryngoscopy 
was attempted to assess future ease of intubation, 
but it was not possible to visualize the epiglottis 
(Cormack and Lehane grade 4 intubation) [2]. 
Following pharyngeal toilet, a mouth prop was 
placed between the molars to prevent re-oc- 
currence of trismus. The nasotracheal tube was 
removed uneventfully when the patient awoke. 

The following day, after removal of the mouth 
prop, the patient was noted to have a dislocated 
jaw. It was decided to relocate the jaw under 
general anaesthesia. The patient was anaes- 
thetized uneventfully in the manner described 
above and his jaw was successfully repositioned. 
On recovery he was able to open the mouth 5 cm. 

After operation the patient rapidly gained 
weight with nasogastric tube feeding, although he 
was diagnosed later by a psychiatrist as having 
anorexia nervosa. Despite intensive physio- 
therapy, the masseter muscles re-ossified after 5 
months, resulting again in complete trismus and 
weight loss. Ten months after operation he de- 
veloped a chest infection which was unresponsive 
to treatment, and he died. 


DISCUSSION 


Fibrodysplasia ossificans progressiva was noted 
first in 1648 by Guy Patin [3], who described a 
woman “‘qui est devenue dure comme du bois”. 
In 1736 John Freke, a surgeon at St Bar- 
tholomew’s hospital gave a more accurate de- 
scription of “a Boy of healthy Look, and about 
Fourteen Years old,...of many large swellings on 
his Back... They arise from all the Vertebrae of 
the Neck, and reach down to the Os Sacrum; they 
likewise arise from every Rib of his Body, and 
joining together in all Parts of his Back, as the 
Ramifications of Coral do, they make, as it were, 
a fixed bony Pair of Bodice” [4]. 

The term “myositis ossificans progressiva” 
was applied to the disease in 1868, although the 
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term favoured currently is “‘fibrodysplasia ossi- 
ficans progressiva”, as the disease is a disorder 
primarily of connective tissue rather than muscle 
[5]. 

The aetiology of the disease remains unknown, 
although recent work in patients with fibro- 
dysplasia ossificans circumscripta, a non-heredi- 
tary disorder in which the pathology appears to be 
identical, suggests that it may be caused by a 
defect in the muscle capillary endothelium [6]. 
Biochemical screens are always normal [7]. FOP 
is inherited as an autosomal dominant trait with 
full penetrance, but variable expression. However, 
patients with FOP rarely reproduce, because of 
physical handicap, and the majority represent 
fresh dominant mutations {1]. The sex ratio of 
affected individuals is equal, and the few patients 
with FOP who have reproduced have affected 
offspring [8]. 

Typically, patients with FOP are asymptomatic 
until early childhood (mean age of presentation is 
3 yr 11 months) when invariably they present 
with a painful swelling, classically in the neck 
region. This shrinks gradually in size over several 
days or weeks and may be succeeded by other 
lumps in the same area. These represent the 
earliest stages of ossification within the connective 
tissue of the muscles, and biopsies taken at this 
stage show considerable proliferation of fibro- 
blasts which may be misdiagnosed as fibro- 
sarcoma. Within 2—8 months, the lumps become 
fully ossified. They usually appear spontaneously, 
but trauma (including i.m. injections, lump 
biopsies, excision of ectopic bone and dental 
extractions) is a common precipitating factor. >» 

Initially, the areas of ossification develop within 
the musculature of the neck and back, but 
secondary attachment to the skeleton is common. 
Ectopic ossification in tendons, ligaments and 
joint capsules, in addition to muscular involve- 
ment, causes joint immobilization and associated 
osteoporosis. Occasionally, pathological fractures 
occur which, paradoxically, may benefit the 
patient by formation ofa false joint in a previously 
fixed area. 

The cervical spine is frequently abnormal. In 
one series [9], all 11 patients had a history of neck 
stiffness, usually from early childhood. In two of 
these patients, neck stiffness had been noted as 
early as 6 months of age. Most of these patients 
had subsequently developed complete rigidity of 
the cervical spine, but in some, a limited range of 
movement was possible. No patient had evidence 
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of nerve compression. All 11 patients had radio- 
logical abnormalities in the cervical spine, but the 
findings depended on the age of the patient. 
However, all had varying degrees of cervical 
fusion; in addition four had small cervical ver- 
tebral bodies with enlarged pedicles. In some 
patients, serial radiographs from early childhood 
demonstrated progressive cervical fusion with 
increasing age. Fusion was associated occasionally 
with ossification of the adjacent neck muscles. 
There has been one reported case of partial 
atlanto—axial subluxation in FOP, found at 
autopsy [10]. 

In our patient, mild neck stiffness was docu- 
mented first at the time of his first lump biopsy at 
the age of 4 yr 3 months. Within 3 months, neck 
movements were limited severely, and by the age 
of 6 yr, x-rays revealed fusion of C4-8. At the 
time of operation for division of his masseters, 
complete cervical spine fusion had occurred. The 
difficulty of intubation that this may cause was 
compounded by complete trismus consequent on 
ossification of the masseters. This is a common 
finding and has been reported in 71% of these 
patients [10]. Interestingly, the temporo- 
mandibular joints in our patient had been reported 
previously as abnormal, with a flat and broadened 
mandibular condyle. This is thought to be a 
primary skeletal abnormality and has been re- 
ported in other patients with FOP [11]. This may 
explain the dislocation that occurred after op- 
eration in our patient. 

The other major problem presented by our 
patient was severe restrictive pulmonary disease 
because of ankylosis of the costovertebral joints, 
ossification of the chest wall and kyphoscoliosis. 
In 21 patients with FOP in whom cardio- 
pulmonary function was assessed [12], a restric- 
tive ventilatory defect caused by chest wall fixation 
was common. Patients eventually become de- 
pendent on diaphragmatic ventilation. Abnormal 
pulmonary function is an early feature of FOP 
and our patient had been dependent on dia- 
phragmatic breathing at the age of 4 yr. Res- 
piratory monitoring (especially end-tidal carbon 
dioxide concentration) is mandatory and post- 
operative respiratory support may be necessary in 
patients undergoing major procedures. 

This restrictive defect does not appear to 
progress to chronic respiratory failure during 
adult life; diaphragmatic function is adequate for 
these patients with restricted mobility [12]. 
Patients with FOP usually die in their third or 
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fourth decades, commonly from pneumonia, and 
attention should be directed to prevention and 
prompt treatment of chest infections. 

Cardiac assessment usually reveals no signs of 
failure on physical examination, but an abnormal 
ECG may be present [12]. There have been 
reports of left axis deviation with ST segment 
changes and minor degrees of intraventricular 
block [13] and supraventricular tachycardia [14]. 
Bone formation has never been recorded in the 
heart or lungs, but it has been suggested that 
cardiac connective tissue may be involved by the 
disease process, resulting in conduction abnor- 
malities [13]. 

Certain muscle groups are not involved in FOP, 
including tongue, extraocular muscles, larynx, 
diaphragm, sphincter muscles and visceral smooth 
muscle. 

Treatment aimed at halting the progression of 
FOP has been largely unsuccessful, mainly be- 
cause the pathogenesis remains unknown. Many 
therapies have been tried, but none are of proven 
benefit. Our patient was treated with pred- 
nisolone, disodium etidronate and warfarin. Cort- 
icosteroids decrease bone formation by inhibiting 
periosteal cell proliferation and have been re- 
ported to decrease the rate of progression in a few 
subjects, although it is doubtful if they have any 
effect on eventual outcome. Disodium etidronate 
is a diphosphonate which inhibits calcification but 
does not seem to halt the disabling production of 
the ectopic bone matrix [7]. In addition, the 
diphosphonates inhibit mineralization of normal 
bone and may result in undesirable skeleta! side 
effects. Warfarin is used because of reports of 
subjective improvements in mobility in patients 
with ectopic calcification [15]. One of the most 
important aspects of treatment is to remind 
patients of the need to avoid factors which 
precipitate ossification. 

FOP has a tendency to progress erratically and 
the oldest patients are the most disabled. Most 
patients are chair-bound or bed-bound by the age 
of 30 yr [10], with an average age at death of 34.7 
yr [7], the end result being a literal ‘“‘stone-man’’. 
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EARLY DETECTION OF “REBREATHING” IN AFFERENT 
AND EFFERENT RESERVOIR BREATHING SYSTEMS 


USING CAPNOGRAPHY 


D. M. MILLER 


SUMMARY 


Capnography was used to determine the onset of 
rebreathing in afferent (AR) and efferent (ER) 
reservoir breathing systems in a spontaneous 
ventilation lung model. In the case of the Lack 
and enclosed AR systems, the best sampling site 
was found to be in the exhaust limb of the 
systems, 5cm from the Y connector. For the 
Magill system, fitted with a hooded scavenging 
valve, the best site was deep inside the hooded 
valve. In contrast, the best sampling site in an ER 
system (e.g. Bain system) was in the tracheal 
tube. For AR systems, the loss of a fresh gas 
elimination pattern (carbon dioxide trace failing 
to reach zero) was shown to occur at the onset 
of rebreathing. As the sampling site was moved 
distally into the exhaust limb, the same pattern 
was seen at greater flow rates—that is, before 
rebreathing was actually occurring. When samp- 
ling was within the tracheal tube, using ER 
systems, a typical “rebreathing wave” occurred 
at the onset of established rebreathing. 


KEY WORDS 


Equipment; breathing systems. Monitoring: carbon dioxide. 
Measurement techniques capnography 


The anaesthetic breathing systems which do not 
utilize carbon dioxide absorption are dependent 
on the fresh gas flow for elimination of carbon 
dioxide. Capnography would seem to be the ideal 
method for detecting the onset of rebreathing 
(here defined as the rebreathing of alveolar gas in 
excess of that which unavoidably occupies the 
anatomical deadspace at the end of expiration). 
The best sampling site for different systems has 
not yet been determined, although Murray [un- 
published observations] has shown that sampling 


within the tracheal tube is the best site in an 
efferent reservoir (ER) system (one where bidirec- 
tional flow of gas may occur in the exhaust limb of 
a breathing system), during spontaneous ven- 
tilation. He showed that at the onset of rebreathing 
a typical “hump” in the inspiratory phase of the 
carbon dioxide trace occurred, and termed this a 
““rebreathing wave”. However, when using 
simple or enclosed afferent (AR) systems (in 
which bidirectional flow of gas may occur in the 
supply limb of a breathing system) [1] in spon- 
taneous ventilation, the finding of an increase in 
the minimum inspired concentration of carbon 
dioxide, when sampling within the tracheal tube, is 
a late sign of ‘“‘rebreathing”’’. It is a late sign 
because the tendency for a non-mixing, plug flow 
pattern of gas within AR systems allows for fresh 
gas storage during expiration in relatively un- 
mixed form. Only a small volume of unmixed fresh 
gas, sufficient to fill the tracheal tube, need be 
inspired past the sampling point to yield a 
minimum inspired concentration of 0% carbon 
dioxide. This volume of fresh gas may represent a 
very small portion of the tidal volume, the 
remainder consisting of rebreathed alveolar gas. 
The onset of rebreathing, therefore, cannot be 
detected in this way. Alternatively, an increase in 
end-tidal carbon dioxide concentration may be 
used to detect rebreathing. This method is not 
ideal, for three reasons: absolute readings from 
capnometers are unreliable because of baseline 
shift; an obvious change in waveform does not 
accompany the onset of rebreathing; and an 
increase in end-tidal carbon dioxide occurs only 
after rebreathing has started. 
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It has been claimed previously [2] that the best 
sampling site for monitoring the patterns of 
carbon dioxide in AR systems to detect the onset 
of rebreathing is the proximal] exhaust limb (i.e. at 
the outlet of a hooded expiratory valve of a Magill 
system or 5 cm from the Y connector in a Lack or 
Preferential flow system). By monitoring the 
carbon dioxide pattern in the gas which was being 
eliminated from the system, the presence of fresh 
gas in the terminal part of the expiratory phase 
could be detected. It was assumed that, if 
eliminated gas had near 0% carbon dioxide 
present, sufficient fresh gas was flowing to prevent 
rebreathing. This assumption was based on the 
fact that AR systems selectively eliminate alveolar 
gas [3-8]. The converse was considered applic- 
able: that, if no fresh gas could be detected 
during expiration, rebreathing must be occurring. 
This theory has never been substantiated, and this 
study was designed to examine this question. 


METHODS 


A spontaneous ventilation lung model was used 
for measuring alveolar ventilation in conjunction 


with a calibrated Datex Normocap capnograph : 


with pen recorder. The only factor of importance 
when calibrating the capnograph is the setting of 
the zero baseline, for the instrument is used to 
obtain a qualitative rather than a quantitative 
measurement. The sampling rate was 150 ml 
min“. The Lack, Magill and Enclosed Afferent 
Reservoir (EAR) systems were evaluated as AR 
systems, and the Bain system as an ER system. 
Sampling took place from the efferent limb of the 
Lack and EAR systems, and two experiments 
were conducted. In experiment 1, sampling took 
place in the efferent limb, 5cm from the Y 
connector, and in experiment 2 sampling was at 
8cm and 2.5cm from the Y connector. For the 
Magill system, a hooded exhaust valve was used, 
and sampling took place deep inside the hooded 
valve and at the outlet of the hood. In the Bain 
system, sampling took place 5 cm into the ana- 
tomical deadspace of the lung model. 

The lung model used (fig. 1) and the method of 
determining the degree of rebreathing have been 
described previously [9]. For a preset ventilation 
(Vg), the model was used to measure effective 
alveolar ventilation as a fraction of total ventilation 
(Vae/ Ve) at various flow rates (VF). The oxygen 
flow meter used was calibrated using a Timeter 
Instrument Corporation RT200 analyser. The 
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FIG. 1. Lung model to separate expiratory (A) from inspiratory 
(B) gas for the measurement of effective alveolar ventilation 
(Vae). 1-3 = One-way Rudolf valves; 4 = PEEP valve. 


results were illustrated graphically as fresh gas 
flow in relation to the VAe/Vz fraction. The lung 
model was set to provide two different rates of 
ventilation: 18.3 min`? in experiment 1 and 26.4 
min` in experiment 2. A constant tidal volume of 
200 ml was used, resulting in ventilation at 3660 
ml min and 5280 ml min™ for experiments 1 
and 2, respectively. The same anatomical dead- 
space tube was used in experiments | and 2, 
resulting in functional deadspace values of 94 ml 
and 87 ml, respectively, illustrative of the fre- 
quency dependence characteristic of deadspace. 
The fresh gas supply was decreased progressively, 
with an interval of 3 min at each VF setting, to the 
point where a noticeable decrease in the effective 
alveolar ventilation (Vae) (defined as a 5% or 
greater decrease in the maximum value of the 
fraction VAe/ VE) was observed; this marked the 
onset of established rebreathing or increase in 
functional deadspace ventilation. This was com- 
pared with and related to the capnographic 
patterns recorded simultaneously. 


RESULTS 


Experiment 1 

In the Lack, EAR and Magill systems re- 
breathing started at VF 2.5 litre min“ (fig. 2). The 
capnographic tracings showed a progressive 
change in shape as fresh gas flow decreased, with 
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Fic. 2. Relation of effective alveolar ventilation (Ae) as a frac- 

tion of total ventilation (VE) to fresh gas flow in a Lack, EAR 

and Magill system, with lung model Vp/VT ratio of 0.475 and 

ventilation of 3.66 litre min~*. Onset of rebreathing in AR 
and *ER systems. 


Carbon dioxide concentration (2) 
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a distinct and reproducible change occurring 
when rebreathing began. This occurred when the 
trace no longer returned to zero at the end of 
expiration (trace 1 in figure 3). In the case of the 
Magill system, the detection of rebreathing 
changed for the two sampling positions. Sampling 
inside the hooded valve (trace 2a) was more 
accurate. Sampling at the outlet of the hooded 
valve (trace 2b) suggested that rebreathing was 
occurring at 4.0 litre min=!, when it actually 
occurred at 2.5 litre min“. 


Experiment 2 


In the Lack, EAR and Magill systems, re- 
breathing started at VF 4.0 litre min“ (fig. 4). The 
capnographic tracings showed the same change as 
in the first experiment, and those from the Lack 
and EAR systems were identical (fig. 5). When the 
sampling site was changed from 8 to 2.5 cm from 
the patient attachment Y connector, the increase 


2b 
8.0 litre m 


Fic. 3. Trace 1 illustrates the identical capnograph pattern obtained with Lack and EAR systems, 

sampling 5 cm from the patient attachment. Traces 2a and 2b illustrate the patterns seen when sampling, 

respectively, deep inside the hooded valve of the Magill system and at the outlet of the hooded valve. 
Ali tracings are to be related to the results recorded in figure 2. 
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Fic. 4. Relation of effective alveolar ventilation (Vae) as a frac- 

tion of total ventilation (VE) to fresh gas flow in a Lack, EAR 

and Magill system, with lung model Vp/VT ratio of 0 435 and 

ventilation of 5.28 litre min=!. Onset of rebreathing in TAR and 
*ER systems. 
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Fic. 5. Capnographic tracing examples using a Lack or EAR 

system, and sampling 2.5cm and 8 cm from the patient at- 

tachment. All tracings are to be related to the results recorded 
in figure 4. 
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Fic. 6. Capnographic tracing examples using a Bain system, 

and sampling at a site which would equate to sampling in a 

tracheal tube. All tracings are to be related to the results re- 
corded in figures 2 and 3. 


in carbon dioxide concentrations from the baseline 
began when VF was 4.0 and 3.0 litre min“, 
respectively. As VF decreased from initially high 
flow rates, the fresh gas elimination pattern (0% 
carbon dioxide trace) shortened progressively. 

With the Bain system, obvious “rebreathing 
waves” appeared at VF 7.0 and 8.0 litre min™ in 
experiments 1 and 2, respectively (fig. 6). This 
could be shown to coincide with established 
rebreathing (figs 2, 3). 


DISCUSSION 


In the first experiment the transition in the 
capnographic pattern, seen as an increase in the 
baseline value for carbon dioxide to greater than 
zero, occurred at 2.5 litre min™ (fig. 3), cor- 
responding with the onset of rebreathing which 
begins at 2.5 litre min“ (fig. 2). The same 
occurred in the higher frequency experiment 
(figs 5 and 4, respectively). It should be noted, 
however, that an error can occur if the chosen 
sampling site is too close to the elimination site 
of certain AR breathing systems. As seen in 
experiment 2, the onset of rebreathing, using 
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capnographic criteria, occurred at Vr 3.0 litre 
min! when the proximal sample site was used, 
instead of at 4.0 litre min™!, which was the actual 
point at which rebreathing became established. 
The high capnograph sampling rate (150 ml 
min“) and the very short distance from the Y- 
piece leads to aspiration of fresh gas from the 
supply tube, despite the presence of rebreathing. 
This error is possible only when using a Lack or 
EAR system, but not when a Magill system is 
used, as sampling occurs downstream of the valve. 
Provided sampling rates do not exceed the above, 
it is suggested that a sampling site is chosen in the 
exhaust limb of AR systems 4-5 cm from the Y 
connector. 

It should be appreciated that the above theory 
and evaluation of AR systems, in the manner 
described, is applicable only to “pure” AR 
systems——that is, those which utilize a threshold 
exhaust valve—and not to valveless afferent 
reservoir systems. The reason for this is that 
valveless, as opposed to pure AR systems, are not 
as efficient in selectively eliminating alveolar gas 
[8]. 

The capnographic tracings (fig. 5) illustrate 
that, when sampling was from the exhaust limb of 
an AR system, as the fresh gas flow decreased, the 
zero carbon dioxide trace shortened until it was no 
longer present. Furthermore, the patterns show 
that increasing the distance of the sampling site 
into the exhaust limb demonstrated at an earlier 
stage (i.e. greater flow rate) the onset of re- 
breathing. This is illustrated for the Magill system 
in figure 3, traces 2a and 2b. 

The transition in the capnographic pattern 
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from non-rebreathing to rebreathing is not diffi- 
cult to recognize and it provides, therefore, a 
simple means of determining the appropriate 
fresh gas requirement in all AR systems. 

For the Bain system (figs 2, 4 and 6), it may be 
shown that the best sampling site is within the 
tracheal tube. If a rebreathing pattern is observed 
on the capnograph, the fresh gas flow should be 
increased until it disappears. 
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CORRESPONDENCE 


PHARMACOKINETICS OF BUCCAL MORPHINE 


Sir,—We were interested in the pharmacokinetic study of 
controlied-release buccal morphine by Dr Manara and his 
colleagues [1]. We have suspected for some time that the 
difference between our initial results [2] and those of others 
[1, 3, 4] may be related to the formulation of the drug. Their 
results certainly suggest that some morphine in the buccal 
tablet is absorbed from the gut; surprisingly, the bio- 
availability of their buccal tablets was rather less than 
anticipated from a similar dose of oral morphine. In our study 
[2] only one patient complained of a bitter taste, suggesting 
that the tablets did not significantly dissolve in salivary 
secretions. Solutions of morphine sulphate are moderately well 
absorbed from the buccal mucosa [5], suggesting that the drug 
can be transferred directly from buccal tablets to the systemic 
circulation. 
T. N. CALVEY 
N. E. WILLIAMS 
Liverpool 
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THE PRIMING PRINCIPLE: EARLY DEVELOPMENT 


Sir,—In my recent editorial on priming with small doses of 
non-depolarizing neuromuscular blocking agents [1], I stated 
that the first reports on priming appeared in 1983 [2, 3]. This 
is correct, but in order to complete the history on priming it 
should be remembered that the first suggestion that admini- 
stration of blocking agents in divided doses might hasten the 
onset of block was made by Hussain, Healy and Birmingham 
in 1979 [4]. 

Hussain and colleagues compared the potency and speed of 
onset of fazadinium and tubocurarine using an incremental 
dose technique and noted that, in the case of tubocurarine, the 


second and third doses were much quicker in producing a 
maximum effect. The authors concluded their paper by 
stating: “It may be that the speed of achievement of muscle 
relaxation by d-tubocurarine could be greatly enhanced if the 
practice were adopted of dividing the dose into a small initial 
dose followed by the remainder of the full blocking dose.” 
Four years later, Gergis and colleagues [1] and Hutton and 
colleagues [2] reported that this was indeed 80. 
R. M. JONES 
London 
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DOXAPRAM AND THE NEUROMUSCULAR JUNCTION 


Sir,— We read with interest the paper by Pollard, Randall and 
Pleuvry on the effects of doxapram in the isolated phrenic 
nerve—diaphragm preparation of the rat [1]. The calcium and 
magnesium concentrations used in the organ bath solution are 
considerably higher than those in rat plasma. Total and 
ionized concentrations in rat plasma are approximately 
2.6 mmol litre“? and 1.2 mmol litre7}, respectively, for cal- 
cium, and 0.8 mmol litre and 0.5 mmol litre!, respectively, 
for magnesium [2]. 

Foldes has demonstrated the importance of calcium and 
magnesium concentrations in observations on neuromuscular 
block ın the isolated phrenic nerve—diaphragm preparation [2]. 
We have observed that varying the calcium concentration in 
the organ bath significantly alters the response of this 
preparation. This 1s noticeable especially with indirect stimu- 
lation and with respect to the effects of cooling. 

We believe that presynaptic events may be particularly 
sensitive to varying calcium concentration. It would be 
interesting to know the effects of doxapram on the isolated 
phrenic nerve-diaphragm preparation of the rat with other 
concentrations of caictum and magnesium, particularly those 
equivalent to the ionized concentrations in rat plasma. 


N. J. FAUVEL 
S. A. FELDMAN 
London 


CORRESPONDENCE 
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BLIND NASAL INTUBATION IS NO LONGER 
NECESSARY 


Sir,—Vaughan [1] does his junior staff, and thereby patients, 
a disservice by not teaching, and stating as no longer necessary, 
a method of intubation which is useful ın patients with a body 
weight range of 2 kg [2] to 124 kg [3], potentially capable of 
100 % success in a large series of cases [4], and for which the 
equipment is immediately and universally available wherever 
anaesthesia and resuscitation are performed. 

Blind nasal intubation also possesses the invaluable ad- 
vantage of not depending on visualization of the glottis, 
whether prevented by anatomy or by material in the pharynx. 
Moreover, experience gained in the use of the breath sounds or 
anterior neck signs to locate the glottis can help the anaesthetist 
to decide between tracheal and oesophageal intubation at a 
“difficult” laryngoscopy. 

R. WILLIAMSON 
Natal, South Africa 
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Sir,—Although I do not teach blind nasal intubation, I do of 
course utilize the nasal route. However, I do prepare the nasal 
route before attempting intubation, to try and reduce com- 
plications. I also guide the tracheal tube into the larynx under 
direct vision to avoid undue trauma. 
R. S. VAUGHAN 
Cardiff 


INCORRECT ATTRIBUTION 


Sır, —Re: Britt BA, ed. Malignant Hyperthermna. Boston: 
Martinus Nyhoff, 1987. 

I wish to correct an error that occurred in chapter 7 of the 
above noted volume, entitled “Inheritance of Malignant 
Hyperthermia—A Review of Published Data.” On page 168 in 
the first paragraph headed “creatine kinase”, I have stated: 


“the original discovery of the potential usefulness of CK 
determination for studies of MH patients and relanves 
came from Denborough. This observation was quickly 
utilized by Isaacs and Barlow and then a number of other 
investigators.” 


This statement is in fact incorrect, as Isaacs and Barlow were 
the first to publish the potential usefulness of creatine kinase in 
their paper published in the Brinsh Medical Journal of January 
31, 1970 (volume 1, pages 275-277). The publication by 
Denborough and colleagues in the Lancet, on May 30, 1970, 
readily acknowledged the original paper by Isaacs and Barlow. 

I apologize for any embarrassment that the error and the 
wording of the error may have caused. 

A. Britt 
Toronto 


Br. F. Anaesth. (1989), 64, 258-261 


BOOK REVIEWS 


Basics of Anesthesia, 2nd Edn. By R. K. Stoelting and R. D. 
Miller. Published by Churchill Livingstone, New York. 
Pp. 523; indexed, illustrated. Price £22.50. 


The intended readership of this book ıs the North American 
trainee anaesthesiologist or nurse anaesthetist. This bias is 
seen, not only in the techniques recommended and subjects 
covered, but also in the prose, which reflects the more passive 
nature of their training, and in the references which are 
- overwhelmingly from the North American literature. 

There are a number of surprising omissions, particularly a 
separate section on physiclogy—surely one of the important 
fundamentals for an understanding of anaesthesia. The section 
on Peripheral Nerve Blocks makes no mention of the use of a 
nerve stimulator, gives accounts of common blocks which are 
potentially dangerous in their brevity, but includes extended 
descriptions of stellate ganglion and coeliac plexus blocks, 
which are hardly basic techniques. 

A number of “boxed” lists are given in the texts, which 
would be useful for an examination candidate engaged in 
desperate last-minute revision. The majority of the uwlustra- 
tuons are taken from other published works and papers and 
thus lack a uniformity of style, which is distracting. In 
addition, the relevance of many of them to the text is obscure 
and they add little to clarity. 

The text has a uniformity of style consequent upon there 
being only two authors. However, it is doubtful that their 
experience extends to the whole range of specialties covered, 
and this shows in some areas where an overview from an expert 
in the field would have been helpful. 

The book will be useful to those beginning training in 
countries where North American practice is the rule, but it can 
not be recommended for Briush trainees. 

C.D Hanning 


Technical Manual of Anesthesiology: An Introduction, lst 
Edn. By J. E. Heavner, C. Flinders, D. J. McMahon, 
T. Branigan and J. M. Badgwell Published by Raven 
Press, New York. Pp. 167; indexed; illustrated. Price 
$32.50. 


Written by two professors and three anaesthesia technicians, 
this book varies considerably in quality. The objective 18 to 
introduce anaesthesia technicians to the equipment used in 
anaesthesia, but it is also aimed at nurses, doctors and medical 
students. Nine chapters describe patient positioning, the 
anaesthesia machine, airway access and breathing, vascular 
access, monitoring, medical gases, and drugs. 

Unfortunately, the authors have attempted too wide a 
coverage ın this introductory book, with the result that much 
equipment is mentioned cursorily, to the detriment of many 
important items which are given brief attention. This variation 
may be illustrated by the description of a laryngoscope, in 
which the reader is told that ‘‘the handle is the part held in the 
hand”, while there are six pages on the EEG, including 
mention of Fourier analysis. The chapter on drugs used in 
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anaesthesia occupies three pages. The American authorship 
influences both the equipment described and the techniques. 
Do technicians need detailed instructions for i.v. and central 
vein catheterization? If so, these have not been considered 
sufficiently carefully. After bemg told to wash hands and don 
sterile gloves, they are then instructed to apply the tourniquet 
and select a vein. 

The illustrations are labelled from No. 1 in each chapter 
without chapter prefix numbers, which makes referring back 
difficult There are many line drawings, but the quality of the 
photographs is not high. 

This is a disappointing book as the equipment of anaesthesia 
lends itself to clear, precise descriptions. There are quite a 
number of factual errors. The description of cricoid pressure 
is inaccurate, and questionable as to whether it should be in a 
technical manual in the section on Ancillary Equipment for 
Airway Management. 

As this book is described as an introduction, it will be 
interesting to see if there are more specifically titled books to 
follow. The text needs much rewriting to remove errors and 
achieve a consistent approach at an appropriate level, and also 
to remove the repetition that results from multi~authorship. 
This would then provide the indisputable breadth and wealth 
of information contained in the book in a format which could 
be recommended to operating department assistants and junior 


anaesthetists. 
A. Murray Wilson 


Repairing Body Fluads—Principles and Practice. By J.P. 
Kassirer, D. E. Hricik and J. J. Cohen. Published (1989) 
by Harcourt Brace Jovanovich Ltd, Sidcup. Pp 174; 
indexed; wlustrated. Price £26.00. 


The title of this short book conveys incompletely the nature of 
the contents. It 1s a concise account of fluid, electrolyte and 
acid-base disorders, with the emphasis on the correction or 
repair processes of such disturbances. 

Fluid, electrolyte and acid—base abnormalities are among 
the most challenging diagnostic and therapeutic problems 
confronting the clinician. The understanding of this subject 
has reached a high level of sophistication, and therapy should 
be both rational and logical, Many monographs on the subyect 
emphasize the basic science element (biochemistry, physical 
chemistry and physiology) and clinical aspects are included 
only to illustrate the basic science. This book, which is written 
in a readable and lucid style, assumes the reader is familiar 
with the basic science and the authors concentrate on the 
application of these principles to the clinical situanon. A 
conventional format ıs used, with chapters 1 and 2 dealing with 
disorders of Volume and Tonicity, respectively. This is 
followed by separate chapters on derangements of specific 
electrolytes (potassium, calctum, phosphate and magnesium). 
Acid~base disturbances are described in the last chapter and, 
again, a conventional approach is made discussing causes, 
recognition and treatment of the simple and some of the mixed 
disorders. 


BOOK REVIEWS 


This book would be useful to clinicians involved in intensive 
therapy who wish to consolidate their knowedge of fluid, 
electrolyte and acid—base disorders. The authors have made 
many original contributions to the subject and are recognized 
internationally. They encourage the reader to apply basic 
principles in a routine fashion and show how this, combined 
with a careful history and examination, can result in the 
successful management of complex problems. The exclusion 
of the basic science and, in particular, the omission of 
important definitions result in some degree of inaccuracy and 
ambiguity. For example, the difference between tonicity and 
osmolality is not explained, leading to the impression that the 
terms are synonymous. Specific terms such as haemofiltration 
are used loosely, resulting in maccuracy. Another criticism is 
the use of “selected references” which are not indicated m the 
text, making it difficult to confirm or clarify any assertion made 
in the text. Also, unfortunately, SI units are not used, causing 
confusion with multivalent ions, proteins and gas tensions. 

D. A. B, Turner 


Manual of Intensive Care Medicine, 2nd Edn. Edited by 
J. M. Rippe. Published by Churchill Livingstone, 
Edinburgh. Pp. 600; indexed; illustrated. Price £9.95. 


The title of this book, Manual of Intenstve Care Medicine, - 
would imply a small textbook supplying concise practical 
information on the management of the many differing clinical . 
problems encountered in the I.T.U. Its layout, with an initial 
section on practical procedures followed by systematic cover- 
age of medical problems arising ın I.T.U., makes one 


optimistic that it might fill this role. However, on delving more 
deeply, it becomes clear that it does not begin to succeed in this | 


purpose. Part of the problem may lie in the differences in | 
practice between the U.S.A. and U.K., whereby many of the | 
patients looked after in a medical intensive care unit in the ' 
United States would in the U.K. be cared for on a general 
medical ward. 

A number of subjects fundamental to intensive care practice 
are completely omitted, e.g. sedation and analgesia, and the 
immediate intensive care management of the postoperative 
patient. Conversely, there 1s excessive space devoted to acute 
myocardial infarction, and coverage of subjects which have no 
relevance to intensive care practice whatsoever, for example 
rehabilitation after myocardial infarction. 

The chapters on practical procedures demonstrate well the 
lack of balance of this book. The detailed descripuon of 
tracheal intubation assumes complete ignorance on the part of 
the reader, although it is difficult to believe that the completely 
ignorant would be working in the I.T.U. This detailed 
description, however, completely omits any discussion of the 
anaesthesia or sedation required to facilitate intubation— 
clearly a vitally important tissue—and does not mention the 
important subject of prevention of aspiration of gastric contents 
during intubation. In the discussion on airway management, 
tracheotomy and cricothyrotomy barely rate a mention, and 
yet mouth-to-mouth ventilation is recommended if no equip- 
ment is available—in an J.T.U.? Swan—Ganz catheterzation is 
dealt with comprehensively, but without a clear description of 
the indications for their use. 

Trauma care, as one would expect in a medical intensive 
care textbook, is glossed over. The description of the 
management of chest trauma is unduly dismissive of mech- 
anical ventilation. The reader might take from it that to 
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ventilate the lungs of such a patient was a sentence of death. 
The authors rightly recommend regional analgesic techniques 
in such patients, but omut to describe the techniques in any 
detail. 

One could cite many other examples. Acute renal failure 
management includes monitoring of fluid intake and output 
and daily weighing of patients, but makes no mention of fluid 
resuscitation, optimization of cardiac output and arterial 
pressure, or the role of inotropes or diuretics, While there are 
chapters on haemodialysis and peritoneal dialysis, there 1s no 
discussion of newer techniques applicable to the treatment of 
acute renal failure in the I.T.U., such as continuous arterio- 
venous and venovenous haemofiltration. The perioperative 
management regimen described for diabetic patients is vague 
and more likely to confuse than enlighten; insulin infusions are 
scarcely mentioned, nor are the newer insulin preparations. 

One would expect a manual to have tables of physiological, 
biochemucal and other data, doses of commonly used drugs etc. 
These are not available 

Lastly, a manual must be robust. This one, a rather poor 
quality spiral loose-leaf volume, would barely survive a busy 
day ın the I.T.VJ. 

The annotation of key references was useful; this is a feature 
that might usefully be copied by other such books. Overall, 
however, I am afraid I cannot recommend this hook to I.T.U. 
junior medical or nursing staff. 

I S. Grant 


Clinical Problems in Acute Care Medicine, 1st Edn. Edited by J. 
J. Heffernan, R. A. Witzburg and A. S. Cohen. Published 
(1989, paperback) by W. B. Saunders. Pp. 731; indexed; 
illustrated. Price £20.50. 


This book describes the acute presentation of medical diseases. 
The editor-authors are from the Department of Medicine at 
Boston City Hospital and the University; they have recruited 
56 contributors, of whom more than 50 % have been associated 
with the same institutions. This ensures a certain uniformity of 
style and presentation. 

The contents are ordered in the conventional way, by organ 
system. Intensivists accustomed to considering the respiratory 
system immediately after dealing with the heart and ar- 
culation, may be surprised to find it relegated towards the end 
of the book. This is appropriate, given the title of the text and 
the emphasis given by the authors on clinical features and 
diagnosis. This is a textbook of medicine which concentrates 
on the acute presentation of diseases. 

Most articles follow the same general format of pathogenesis, 
clinical features, examination, laboratory tests and treatnent. 
All then present a brief synopsis entitled “Key Features "’, and 
a reference section in which selected original articles are 
reviewed critically. This is a very good arrangement which 
helps the reader to assimilate information in a short time. 

The emphasis given to clinical features detracts at times 
from an adequate consideration of the pathophysiology of 
disease. This is important particularly when discussing organ 
system failures which carry a high mortality and which are also 
potentially preventable. Acute renal failure is an example: it is 
given only four pages of text; there is no discussion of the 
importance of perfusion pressure in determining renal blood 
flow following the loss of autoregulation ; medullary hypoxia is 
not mentioned; and the hazards of prostaglandin synthetase 
inhibitor analgesics are referred to only in the reference 
section. 
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Differences in practices between the U.S.A. and Europe 
become more evident in medical management. Hypotensive 
patients with acute left ventricular failure are given saline 
infusions to increase the pulmonary artery occlusion pressure 
to the low 20s, whereas most intensivists in Europe would have 
used colloidal solunons to a lower pressure, together with an 
inotrope. Flecainide is not mentioned as an alternative to 
lignocaine. The pharmacological hypotensive management of 
aortic dissection does not mention the exact mode of action of 
recommended drugs; it starts with trimetaphan, and includes 
reserpine, but ignores labetalol. ‘The indications for starting or 
stopping total parenteral nutrition in patients with acute 
pancreatitis are not defined clearly, and yet in severely affected 
patients the re-introduction of enteral feeding may be a major 
management problem. 

These are comparatively minor differences, however. The 
overall design and presentation of the book are good, and it 
should appeal to a wide audience. The publishers should have 
. produced ıt in a more rugged format, because it is unlikely to 
withstand regular departmental handling. I recommend it to 
all accident and emergency departments, and to general 
intensive care units, where it will provide a useful rapid 
reference text. Departments of Anaesthesia should invest in a 
copy, particularly for those juniors who need to refresh their 
knowledge of clinical medicine. It is also well within the grasp 
of final year medical students, who will find the “Key 
Features” helpful. 

J. F. Bion 


Statistics mth Confidence-—Confidence Intervals and Statistical 
Guide-lines. By M. J. Gardner and D. G. Altman. Publi- 
shed by the British Medical Journal, London. Pp. 140; 
indexed; ulustrated. Price £7.95. 


Several medical journals require the use of confidence intervals ` 


rather than P values in statistical analyses. A series of excellent 
articles on this subject was published recently in the British 
Medical Journal and these form the basis of this 140-page 
book. 

Each of the 10 chapters in this book is concise and easy to 
read. The authors justify the use of confidence intervals in the 
first chapter and then describe their application in the 
comparison of means, proportions, regressions, correlations, 
relative risks, survival times and non-parametric data. Many 
worked examples are given and the reader will find no 
difficulty in applying these methods to his own data. 

The final chapters of the book describe general statistical 
“‘guide-lines”’ for medical studies, again based on articles 
published previously in the Britush Medical Journal. These are 
extremely useful for novice and experienced research workers 
alike, but are somewhat pedantic in places. 

Any medic involved in research will find a use for this 
excellent book, which is superb value at £7.95. 

IBM-compatible software is available for use in conjunction 
with this book and I have tested a version with a draft of the 
manual. It is well written, “user-friendly” and enables rapid 
calculation of confidence intervals from raw or populanon 
data. It will be an invaluable companion to the book and is 
recommended highly. However, value-for-money rating is not 
as high as the book (full price £65.00; price to research, 
educational and N.H.S. establishments £45.00). 


D. J. Rowbotham 


BRITISH JOURNAL OF ANAESTHESIA 


Clinical and Resuscitative Data, 4th Edn. By R. P. H. Dunhill 
and M.P. Colvin. Published (1989) by Blackwell, 
London. Pp. 248; indexed; illustrated. Price £16.95p. 


This familiar paperback claims to be intended for all grades of 
doctor, both in the wards and in the emergency department. 
Unfortunately, the book has grown in size and is now only just 
suitable for a white coat pocket. There are 13 sections, with the 
same headings as the previous edition. The main addition in 
this edition is a section on local anaesthetic blocks, comprising 
37 pages of coloured illustrations and text reproduced from a 
pocket-sized booklet available from Astra pharmaceuticals. 
The publisher has provided much empty space in the present 
volume for additional notes. There is a wealth of useful 
information although, sadly, few references appear in the 
current edition. When “BNF” in addition to local hospital 
formularies are available to every doctor, the need for a 48-page 
glossary of drug doses, interactions and brand names may be 
superfluous. The new section on critical care and resuscitation 
will prove useful, containing Glasgow coma scale, Apache II 
scores and brainstem testing procedure. 

The book will be useful mostly to anaesthetics and 
physicians in intensive care units and to junior anaesthetists in 
training. It has served the specialty well for some 12 years 
since 1ts first appearance. I hope that, with succeeding larger 
editions, it does not outgrow its usefulness, 

D. Fell 


Anaesthesia Review 6, lst Edn. Edited by L. Kaufman. 
Published by Churchill Livingstone, Edinburgh. Pp. 330; 
indexed; illustrated. Price £17.95. 


Leon Kaufman’s Anaesthesia Review series has become an 
established forum for articles published recently in the journals 
before their subsequent inclusion in standard textbooks. This 
book is the 6th in the series and continues the tradition well. 

This edition has 330 pages, contains many excellent 
illustrations and is well indexed. The articles cover a wide 
range of subjects relevant to anaesthesia and are in two distinct 
formats. 

In the first type of article, written almost exclusively by the 
editor, recent literature on various topics is summarized 
briefly, often with no discussion. However, several articles are 
described in much greater detail. Subjects treated in this way 
are: medicine relevant to anaesthesia, the endocrine system, 
obstetrics, pain, advances in peripheral nerve block and a 
chapter of miscellaneous topics. 

However, other chapters are more structured, and review 
subjects of current interest in anaesthesia. Most of these 
articles are superb and reference the recent literature. Topics 
covered in this manner are; assessment of the cardiovascular 
system, cardiac pacemakers, monitoring myocardial ischaemia, 
haemostasis, drugs and the placenta, surfactant, spinal cord 
dorsal horn, advances in monitoring, fires and explosions, 
modelling of uptake of anaesthetic gases and malignant 
hyperthermia. 

Many chapters are particularly excellent. A full and 
refreshing review of haemostasis includes many new develop- 
ments and ideas. Drugs and the placenta and malignant 
hypertension are reviewed authoritatively. The current con- 
troversial aspects of respiratory physiology and surfactant are 
covered well and the authors are to be congratulated in 
extracting some humour out of the subject. 


BOOK REVIEWS 


Occasional chapters are written solely by physicians, and 
this weakens their relevance to anaesthesia. For example, 
assessment of the cardiovascular system is not particularly 
biased towards anaesthesia and an otherwise excellent chapter 
on cardiac pacemakers states that “halothane or related gases” 
are not advised in pacemaker patients. 

Despite these minor criticisms, this book is another major 
contribution to education in anaesthesia and will be exceed- 
ingly useful for F.c.ANAES. candidates. 

D. J. Rowbotham 


Mediane for Anaesthetists, 3rd Edn. Edited by M. D. Vickers 
and R. M. Jones. Published by Blackwell Scientific 
Publications, Oxford. Pp. 600; indexed; illustrated. Price 
£57.50. 


The 600-page 3rd edition of this well known textbook has been 
rewritten to such an extent that it is barely recognizable when 
compared with the original. The extensive overhaul of this 
book has resulted in an excellent piece of work which is 
recommended highly. 
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Each chapter is written by acknowledged experts ın their 
field, and often jointly by an anaesthetist and a specialist 
physician. Almost every chapter describes succinctly, not only 
symptoms and signs of medical disorders, but their patho- 
physiology and relevance to anaesthesia. Special investigations 
are discussed extensively in each chapter. The book is well 
indexed, with many illustrations and summary tables. 

Every chapter in this book is good, but some are particularly 
excellent. The first two chapters on cardiovascular medicine 
and hypertension leave very few questions unanswered and are 
well referenced. Perhaps one of the best sections is that on 
chest radiology, included within the chapter on diseases of the 
lung. Excellent chapters are available on renal, liver, CNS, 
blood, muscle and endocrine diseases. Acute biochemical 
disorders are handled very well, as is nutrition (including 
obesity) and immunology. However, the dissertanon on 
halothane hepatitis is disappointing. 

As it now stands, this book is an invaluable companion to the 
F.C.ANAES. part 3 candidate who is preparing for the clinical 
examination. It 18 not a substitute for a standard reference 
medical text book, but encapsulates in one volume most of the 
important aspects of medicine related to anaesthesia. 


D. J. Rowbotham 
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EDITORIAL 


AN INTERNATIONAL CONSENSUS ON MONITORING ? 


The Association of Anaesthetists’ document 
Standards of Monitoring during Anaesthesia and 
Recovery [1] has brought patient safety to the 
forefront in the U.K. Many of the same issues 
were raised at a College of Anaesthetists’ sym- 
posium on Safety and Standards, November 1988. 

Guidelines on minimal standards of monitoring 
originated at the Harvard Medical School [2] and 
have been adopted by the American Society of 
Anesthesiologists (ASA) [3]. In 1987, a forum of 
Australasian anaesthetists reached a consensus on 
minimum monitoring, critical incident reportingy 
and organization of mortality and morbidity 
studies. That meeting also inaugurated the Aus- 
tralian Patient Safety Foundation (APSF) [4]. 
The recommendations of the Association of 
Anaesthetists reflect, but go beyond, the Faculty 
of Anaesthetists’ criteria on monitoring resources 
in training junior staff [5]; the Australasian 
Faculty [6] similarly preceded the Australian 
consensus conference. 

Doctors are traditionally resistant to 
“standards” for medical care. They fear loss of 
freedom for clinical judgement in the individual 
case. Some argue that guidelines and rules are 
necessary only when common sense and sound 
principles for practice are lacking. Others take a 
more rigid approach. In the state of New Jersey, 
for example, an in-circuit oxygen analyser, an 
exhaled gas spirometer, ECG and continuous 
monitoring of body temperature are all required 
by law as a hospital licensing standard [7]. The 
wide range of monitoring devices available now- 
adays appear to offer “safer”? anaesthesia, but 
with pressures for efficient use of finances in 
health care, what exactly is a reasonable standard 
of care? 

Common to all the reports is the view that the 
most important safety feature is the presence 
throughout the case of an appropriately ex- 
perienced anaesthetist. An Australian study [8] 
claimed that 80% of anaesthetic mishaps were 
associated with the absence of such a person. 


The level of monitoring required in each case 
should be decided at the initial preoperative 
assessment. Checks before commencing—the cock- 
pit drill [9}—should include electro-medical and 
other monitors. These should be calibrated, with 
alarms functional and appropriate limits set and 
sensors appropriately situated. 

Although there are many common features in 
the various recommendations, there are differ- 
ences in emphasis (table I). For example, the 
Association of Anaesthetists emphasizes begin- 
ning electro-medical monitoring before induction 
and continuing into the recovery room. 

In both Australasia and the U.K. “minimal” 
monitoring, is taken to imply continuous cardio- 
respiratory and oxygen supply monitoring. In 
practice, this suggests an oxygen failure alarm on 
the anaesthetic machine, continuous observation 
of the reservoir bag and a finger on the pulse. 

The ECG seems to have slipped in priority. 
The oxygen analyser, warning of an hypoxic gas 
mixture as distinct from oxygen failure, is not yet 
standard in the U.K. It is listed without comment 
by the Association of Anaesthetists. 

For artificial ventilation, a pressure alarm 
warning of disconnection within the breathing 
system, still the commonest cause of equipment 
related death [10], is considered essential. Ideally, 
alarms should be incorporated in the ventilator, 
although ventilators are still manufactured with- 
out this facility. Further, “‘pressure accidents” 
could be avoided by the greater use of pressure 
manometers and pressure limiting devices in the 
breathing system. 

As technology improves, “minimum” moni- 
toring criteria change. Current guidelines em- 
phasize carbon dioxide monitoring and pulse 
oximetry. The former provides a monitor of many 
problems in which other monitors fail, or detect 
too slowly. Of 35 life-threatening incidents de- 
tected using capnometry, only two could be 
detected independently with a praecordial stetho- 
scope [11]. Carbon dioxide is regarded as an 
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TABLE I. Comparison of the recommendations of the four groups mentioned in the text. + = Essential; 
— nz not mentioned; NIAP = non-invasive arterial pressure monitoring 








Method of monitoring Harvard ASA Australia AAGBI 
Continuous presence + + + + 
of appropriately 
qualified anaesthetist 
Oxygen supply failure alarm — = + + 
Continuous monitoring + + + + 
of cardiac output 
Observation of reservoir + + + + 
bag and chest excursion 
Ventilator disconnect + + + + 
alarm 
Oxygen analyser of + + Essential + 
inspired gas by 1990 
Spirometry Optional Recommended Where Recommended 
required 
ECG + + Available + 
NIAP + + + + 
at approp. at approp. at approp at approp. 
intervals intervals intervals intervals 
Pulse oximeter Where Recommended + Strongly 
required by 1990 recommended 
End-tidal Strongly Recommended Where Strongly 
carbon dioxide recommended required recommended 
Temperature Available Available Aveilable Available 
Invasive haemodynamic Where Where Where Where 
monitoring required required required required 
Neuromuscular block Available — Where Available 
required 


almost immediate monitor of oesophageal in- 
tubation [12], disconnection, inadequacy of the 
pulmonary circulation, air embolism and 
malignant hyperpyrexia. In the last example a 
rapid and substantial increase in PCO, precedes the 
non-specific tachycardia, cyanosis, tachypnoea, 
etc. End-tidal carbon dioxide warns of a non-func- 
tioning valve and the exhaustion of soda-lime in 
the circle system and disconnection of the inner 
tube of a Bain System. Carbon dioxide moni- 
toring, airway pressure and expired volume, for 
routine use in both spontaneous and artificial 
ventilation, are now “‘strongly recommended ” by 
the Association of Anaesthetists. 

Pulse oximetry is accurate to 2% in the range 
7-100 % Hb saturation [13]. In a critical incident 
study [14], it drew attention to a life-threatening 
problem in 5% of all anaesthetics in which the 
technique was used. Oximetry is especially useful 
when patient access and ambient lighting are 
poor, for example in x-ray rooms. It offers second- 
line monitoring of oesophageal intubation and 
ventilator disconnection. Its limitations include 
reliance on adequate pulsation at the sensing site 


and failure to detect histotoxic hypoxia or hy- 
peroxia. There remains a need for oxygen ana- 
lysers in the gas supply [15]. Pulse oximeters are 
still relatively expensive. Their introduction to 
routine use appears to be almost complete in the 
U.S.A.; in Australia it will be phased to 1991. 
Their use is “‘strongly recommended” by the 
Association of Anaesthetists. The Australians 
consider that those available should be reserved 
for procedures in which oxygen delivery may be 
compromised: ENT, thoracic, head and neck 
surgery, the pregnant woman, the grossly obese, 
and patients with circulatory or respiratory fail- 
ure. 
Up to 30 % of perioperative deaths occur during 
the recovery phase, mainly from cardiovascular or 
respiratory problems [16]. That percentage has 
remained fairly constant in recent years and is 
considered to be largely preventable. Recovery 
rooms should be purpose designed, within the 
theatre complex. The main purpose is to monitor 
the unconscious patient and his vital signs, each 
patient benefitting from the skills of a nurse 
specially trained in postoperative recovery. It is 
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common sense that electro-medical monitoring be 
_ Maintained during this period. In the U.K. 
however, some hospitals still deny patients the 
benefit of recovery rooms while the majority of 
recovery facilities are open for only a limited time, 
08 :00~21:00 on weekdays. 

An increase in the number of monitoring 
devices often leads to haphazard arrangement of 
equipment around the patient and anaesthetic 
machine. Ergonomic (‘‘man—machine interface”) 
considerations have had a low priority, with the 
anaesthetist frequently positioned amongst an 
array of controls and monitors extending to 270° 
in the horizontal plane and 120° in the vertical 
plane. Data collected from these monitors are 
rarely co-ordinated. The layout of controls has 
been implicated in aircraft accidents [17], and this 
has implications for anaesthesia. Westhorpe [18] 
has revived the idea that information should be on 
one monitor. This might be a single screen placed 
alongside the patient, displaying eight lines radi- 
ating from a central point, each representing one 
variable, with lines of equal length covering the 
numerical range of the variable, the starting 
(normal) value positioned at the middle of the line 
and data points joined to form a circle. With this 
arrangement, any change in a variable leading to 
distortion of the circle would be immediately 
apparent. 

Anaesthetists have led the medical profession in 
auditing mortality, morbidity and “‘critical inci- 
dents” [19],—an idea first utilized by Flanagan in 
the United States Air Force in 1954 [20], which 
led to a dramatic improvement in aviation safety. 
The Adelaide forum proposed the establishment 
of a National Australian Anaesthetic Incident 
` Database. Central to such a system is the ease of 
collection of data—ideally by means of com- 
puterized anaesthetic records. Incident reporting 
must be voluntary and legal immunity is essential. 

The Australians have also established the 
Australian Patient Safety Foundation (APSF) to 
promote, organize, fund and research established 
processes for patient safety. It is analogous to the 
Anesthesia Patient Safety Foundation in the 
United States [21]. 

APSF will evaluate clinical equipment, along 
the lines of the Emergency Care Research In- 
stitute (ECRI) based in Philadelphia, the organ- 
ization of workshops and educational activities, 
and publication of handbooks on certain pro- 
cedures (e.g. care of arterial cannulae). It will 
advise on the computerization of anaesthetic 
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records to enable convenient logging and retrieval 
of information. 

Thus there is intense activity, over a wide 
range, for patient safety. The motives of the 
protagonists are high, and the consensus advice 
admirable. The scientific training of the anaes- 
thetist must point us to the realization that mere 
acquisition of additional electro-medical equip- 
ment may contribute less to safety than the 
optimists believe. We have no significant research 
on the ergonomics of monitoring and it can be 
argued that more “information” might, by dis- 
traction, pose greater danger. 

It is reassuring to learn that American mal- 
practice insurance premiums are reaching a 
plateau. Is this really a consequence of more 
equipment? Or does the repeated airing of safety 
issues bring safety in itself? Two recent studies 
have attempted objective evaluation. An ASA 
study of closed insurance claims [22] included 
prediction of the likely value of additional moni- 


‘toring including instruments available now but 


not necessarily at the time of the event. It was 
concluded that about 30 % of the cases could have 
been prevented by better monitoring, these in- 
cluding a greater preponderance of the more 
serious insults and expensive settlements. The 
pulse oximeter and carbon dioxide monitor would 
have made the greatest contribution to prevention. 

Eichorn [23] has published an elaborate analysis 
of outcome in 1.3 million anaesthetics given in 
nine hospitals affiliated to the Harvard School 
(1976-1988). In the past 3 years (in which 
monitoring standards have been imposed) there 
was one accident reported to the insurers and no 
death, compared with 10 accidents and five deaths 
in the preceding 9 years. On the face of it, this 
looks good, but even such a large database is 
inadequate in the examination of rare events and 
we would underline Orkins’ robust critique [24] 
of Eichorn’s conclusions. While we all seek greater 
safety and must applaud the current efforts 
directed towards it, it would be an expensive 
mistake to make assumptions on inadequate 
evidence. 

A. Winter 
A. A. Spence 
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POSTOPERATIVE HYPOXAEMIA: COMPARISON OF 
EX TRADURAL, I.M. AND PATIENT-CONTROLLED 


OPIOID ANALGESIA 


R. G. WHEATLEY, I. D. SOMERVILLE, D. J. SAPSFORD 


AND J. G. JONES 


SUMMARY 


Arterial oxygen saturation (Sao ) was analysed 
continuously before and for 24h after lower 
abdominal surgery in 30 patients breathing air 
using one of three postoperative analgesic regi- 
mens: i.v. diamorphine using a patient-controlled 
analgesia system (PCAS), extradural dia- 
morphine or i.m. morphine. Hypoxaemia was 
defined as Sao, < 94% for more than 6 min h”. 
Before operation there was no difference be- 
tween the three analgesia groups assessed by the 
duration when Sao, was less than 94%. After 
operation the pattern of Sao, vs time distribution 
was either stable, with little variation from hour to 
hour with no hypoxaemia, or unstable with large 
variation with 30% of patients hypoxaemic. Thus 
three patterns of Sap, distribution were seen in 
the postoperative period: stable without hypox- 
aemia (4/10 PCAS, 0/10 extradural, and 1/70 
im. patients), unstable without hypoxaemia 
(4/10 PCAS, 5/10 extradural and 7/10 im. 
patients) and unstable with prolonged nocturnal 
periods with Sa,<94% for a mean of 
17.7 minh, 95% confidence limits (CL) 
10-25 min h, (2/10 PCAS, 2/10 i.m. and 5/10 
extradural patients). Before operation, the 
unstable group with hypoxaemia spent longer at 
<94% Sa, (mean 48minh"', 95% 
CL 1.0-8.6 min h) than the stable group 
(mean 0.4 min h, 95% CL 0.17-0.67 min h’) 
and this was a predictor of postoperative hypox- 
aemia. Hypoxaemia occurred in all analgesia 
groups, but extradural diamorphine tended to 
cause longer periods. Some patients at risk of 
postoperative hypoxaemia may be predicted by 
preoperative monitoring of Sao, although extra- 
dural diamorphine boluses were associated with 
hypoxaemia in patients with normal preoperative 
values. 


KEY WORDS 
Analgesia: postoperative Analgesics extradural dia- 
morphine, ım. morphine, patient-controlled analgasia 


Hypoxaemia pulse oximetry. 


Opioid analgesia is a well recognized cause of 
ventilatory depression [1-5], but the frequency of 
this complication, even with conventional 
methods of administration, is disputed [6]. This 
dispute has arisen because the respiratory effects 
of analgesic regimens have often been based on 
intermittent observations of ventilatory rate or 
Paco, For example, a study of 195 patients 
receiving intrathecal or extradural morphine [7] 
following Caesarean section revealed an incidence 
of ventilatory depression—defined as a breathing 
rate of less than 11 b.p.m.—as 1 % in both groups. 
However, we have previously shown that a slow 
rate of ventilation was an unreliable and late sign 
of impaired postoperative ventilatory control 
being correlated with hypoxaemia in only one of 
32 hypoxaemic patients [2]. In the same study an 
analysis of continuous measurements of oxygen 
saturation (Sao,) showed that episodes of hypox- 
aemia (Sao, < 85%) occurred in 10 of 16 sleeping 
patients receiving continuous i.v. infusions of 
morphine in the postoperative period. 

The aim of this study was to use continuous 
pulse oximetry to examine the effect on Sap, of 
three different postoperative analgesia regimens: 
diamorphine via a patient-controlled analgesic 
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system (PCAS), diamorphine via the extradural 
route, and conventional intermittent i.m. 
analgesia. In contrast with earlier work [2, 8] in 
which i.v. morphine was used in older patients 
undergoing upper abdominal or hip surgery, we 
studied a younger group of patients having lower 
abdominal surgery. 


PATIENTS AND METHODS 


Patient selection 


Patients gave informed consent to the study, 
which was approved by the Hospital Ethics 
Committee. The study comprised two parts: Part 
I was a reference study and Part II was the 
postoperative study. 

The aim of Part I was to establish reference 
data for the distribution of Sao, in young healthy 
patients studied overnight. Nine patients were 
included in this part of the study. 

Part II comprised 30 similar patients, scheduled 
for general anaesthesia and lower abdominal 
surgery, studied before and for a 24-h period after 
surgery. The 30 female patients studied in Part II 
were of low anaesthetic risk (ASA grade I or II), 
aged 20-70 yr. Their current therapy, smoking 
habits, weight and height were recorded. 


Oxygen saturation measurements 


Continuous monitoring of Say. was carried out 
using a Nellcor N-100 pulse oximeter which was 
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interfaced with an Opus, IBM-compatible micro- 
computer [9]. The oximeter sensor was attached 
to the patient’s great toe. Recordings of Sao, were 
made every 108 and stored by the computer so 
that 360 samples were obtained every 1 h. Over a 
24-h period, approximately 8000 recordings of 
Sa, were made and the computer was pro- 
grammed to analyse and display this large amount 
of data in three ways: 

(i) Percentage and distribution of recorded Sag. 
The values recorded during the whole observation 
period were displayed as percentages within a 
range of Sao, For example: 

‘Total number of oximeter readings 8240 
Values < 85% saturation 1(0%) 
Values > 85% < 90% saturation 2 (0%) 
Values > 90% < 94% saturation 62 (0.8%) 
Values > 94% saturation 8175 (99.2%) 


This is not a very convenient method for 
reviewing trends during a monitoring period, so a 
graphic representation was developed. 

(ii) Graphic representation of the pattern of Sao, 
distribution. The computer was programmed to 
produce a curve of Sap, distribution vs percentage 
of each hour (fig. 1) similar to that described 
previously [8]. An array of curves was produced, 
“stacked” to show the whole study period hour 
by hour as a compressed array of curves [9]. This 
is shown for the nine subjects in Part I of the | 
study (fig. 2). Each curve was analysed to 
determine the median value of Say. The Kolmo- 


Oxygen saturation (2) 


distribution during cach epoch. In this example Say, is sampled every 
e most frequent Sag, value was 97%, 40 % of the epoch being spent 
at that saturation. 


Fie. 1. Method of displaying S 
10 s and 300 samples are plotted. 
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Fic. 2. Distribution pattern of Sag, in nine subjects (N1-N9) in the reference group studied overnight 
before surgery. Each curve represents a l-h data collection period as shown in figure 1. 


gorov-Smirnoff test was used to calculate the 
significance of changes between curves obtained 
in each epoch. 

(iii) Hypoxaemic episodes. A significant episode 
of severe hypoxaemia was defined as Sao, < 85% 
for longer than 20 s. The duration of any such 
episodes and their timing were noted for each 
observation period. 


Procedure 


The nine patients in Part I were studied 
overnight for a minimum period of 9 h. 

The 30 patients in Part II, the main study 
group, were monitored for 1-11 h before admin- 
istration of an oral benzodiazepine for pre- 
medication and for a 24-h period after operation. 
These patients were anaesthetized with a standard- 
ized general anaesthetic sequence of propofol 
2 mg kg~?, vecuronium 0.1 mg kg“, nitrous oxide 
and enflurane. Twenty patients had intraoperative 
analgesia provided by 0.5 % bupivacaine 15-20 ml 


after the insertion of a lumbar extradural catheter. 
Another 10 patients who did not have extradural 
analgesia received intraoperative i.v. morphine 
5-10 mg. On completion of surgery and when 
spontaneous ventilation had been re-established, 
the trachea was extubated and the patient trans- 
ferred to the recovery room breathing 40% 
oxygen from a Ventimask for 30-40 min. The 
patients were allocated to three groups of 10. The 
20 patients who had received extradural analgesia 
were allocated randomly to groups A and B; the 
non-extradural patients were group C. 

Group A patients self-administered iv. 
diamorphine at a maximum rate of lmg 
every 20 min using a Graseby Patient Controlled 
Analgesia system (PCAS). All the patients 
studied were able to use the PCAS within 1 h of 
the end of surgery. 

Group B patients received extradural dia- 
morphine in doses of 3.6mg in saline 9 ml 
administered by the anaesthetist or senior nursing 
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"TABLE I. Demographic data (mean values (range)). * Derived from morphine dose 


Group A 
PCAS 
{n = 10) 
Age (yr) 40.2 (28-51) 
Wt hr? index) 21.1 (17.6-28) 
(kg m`?) 
Diamorphine 27.3 (11.0—-46.0) 
total dose 
(mg/24 h) 


staff as requested by the patient. This was 
repeated as necessary during the 24-h period. The 
total dose used was recorded. 

Group C patients were those without a lumbar 
extradural catheter who had received i.v. mor- 
phine during surgery. After being made comfort- 
able in the recovery area with further i.v. 
morphine they were returned to the ward where 
they received morphine 7.5-10 mg i.m. on a 4- 
hourly, as required, basis. 

Following the patient’s return to a general 
ward, Sa), was monitored for 24h with the 
oximeter probe attached to the great toe. All the 
recordings were made with the patients breathing 
room air unless the Sao, decreased persistently 
to less than 85%, in which case oxygen by 
facemask was administered to the patient. 


Postoperative measurements 


Visual analogue pain scores were obtained 4- 
hourly when the patient was awake using a 10-cm 
visual analogue scale [10]. Any side effects such as 
nausea, vomiting, itching and the necessity for 
bladder catheterization were noted also. 


RESULTS 


Part I: Reference study 

The mean age of patients in this group was 
38.4 yr (range 24-58 yr) and wtht? was 15.9 
(range 14-19.4). The arrays of Sao, vs time are 
shown in figure 2. Each patient showed a narrow 
distribution of Sao, which in subjects Nos 1, 7 and 
9 showed a small but consistent decrease in Sap, 
during the night and recovery towards the 
morning. The remaining subjects showed a stable 
pattern of distribution with similar overlapping 
peaked curves for each 1 h, the majority of Sao, 
values occurring in the range 96-100%. The 
median Say, of the nine patients was 98%, with 
less than 1% of the values less than 94% (Sap, 


21.12 (16-31) 


Group B Group C 
Extradural I.m. 

(n = 10) (n = 10) 

43,2 (35-52) 42.2 (18-68) 


18.12 (15.2-21) 


14.4 (7.2-18.0) 26.1 (20-36.3)* 


< 94° for 0.6 min h7!). Although some of these 
curves in different epochs showed statistically 
significant shifts in distribution, the largest shift 
in the median value was 2%. 


Part II: Postoperative study 


The demographic data of the three treatment 
groups are shown in table I. Surgery and 
anaesthesia were uncomplicated in all 30 patients. 
No significant differences were found with respect 
to age, degree of obesity or duration of surgery 
between the three groups. Age and wt ht“? did not 
differ from the patients in the Part I study. The 
dose of diamorphine used in the extradural group 
was significantly less than the other two treatment 
groups. The doses of morphine used in the i.m. 
group were converted to equivalent doses of 
diamorphine (1.5:1) [11] in order to compare 
drug usage within the three groups. 


Incidence and patterns of hypoxaemia 


Based on the results of the Part I study, in which 
normal subjects spent less than 1% of their time 
with Sao, less than 94%, we have defined 
“hypoxaemia ” as Sag, < 94% occurring for more 
than 10% of each epoch (i.e. > 6 min h~?). 

Before operation there was no difference be- 
tween the three treatment groups in the time 
spent at Sao, < 94% (table II). However, in the 
postoperative period the patients receiving extra- 
dural diamorphine (group B) spent significantly 
more time with Sa, <94% than patients in 
group A or group C (rable II). 

Using these criteria, nine of the 30 patients in 
this study showed postoperative hypoxaemia. In 
the hypoxaemic group of patients a very unstable 
pattern of Sao, distribution was seen (fig. 3), 
characterized by a wide distribution of Sao, values 
and a progressive decrease in Sap, after operation 
which was particularly marked during the night. 
This pattern was seen in five of the 10 patients in 
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TABLE II. Duration of hypoxaerma (min h! < 94% Sao) 

(mean (95% confidence limits)) before and after operation 

allocated according to type of anaesthena, No significant diffe- 

rence between preoperative values. *P for postoperative values 
t test uses SE calculated from within-groups mean square 


Group A  GroupB Group C 
PCAS Extradural Im. 
(n = 10) (n = 10) (n = 10) 
Before op 2.9 1.1 3.2 
(0-5.9) (0-2.3) (0-6.7) 
After op 3.5 12.3 2.9 
(0.7-6.3) (3—22) (1.3-4.5) 
Difference A ws B B os C Avs C 
bale od = 0.03 = 0.03 ns 


group B and similar but less marked patterns were 
seen in two patients in group A and two patients 
in group C. 

In the remaining 21 patients who did not 
develop hypoxaemia, two patterns of distribution 
of Sap, were seen. Five patients demonstrated a 
stable pattern of Sao, throughout the 24-h study 
period (fig. 4). The curve for each epoch was 
peaked and almost exactly superimposed that of 
the previous epoch. This resembled the pattern in 


E12 
Age 38 y 
Dose 10. 5 mg 


After op. 


Time 





15:00 


| Before op, 
09:00 


Time 
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the majority of patients in the Part I study. This 
stable pattern was seen in four of the 10 patients 
in group A (PCAS), no patients in group B 
(extradural) and one patient in group C (i.m.). 

In the remaining 16 patients, a mildly unstable 
pattern of distribution of Sao, with some re- 
duction in Sao, was seen (fig. 4) with the Sap, 
being less than 94% for less than 1.5 min h^t. 

There were no differences in Sao, before 
operation when the three treatment groups were 
compared, but when the preoperative Sao, was 
analysed in groups allocated according to their 
postoperative pattern of hypoxaemia, there was a 
significantly longer period (95% confidence 
limits) spent at Sao, < 94% in the preoperative 
period in the unstable group with hypoxaemia 
(table ITT). 

The pre- and postoperative data and the 
duration of preoperative monitoring in the nine 
hypoxaemic patients are shown in table IV. 

Hypoxaemia in the PCAS and i.m. groups 
occurred only in those patients with preoperative 
Sao, < 94% for longer than 6 min h™. However, 
in the extradural group, three patients who 
developed postoperative hypoxaemia had a nor- 
mal distribution of Sap, before operation. 
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Fic. 3. Examples of the unstable pattern with prolonged hypoxaemia (Sap, < 94%) in two patients 
given extradural diamorphine, The time of administration of doses is shown by the arrows. The bottom 
panel shows preoperative values and the upper panel postoperative values, for a 24-h period. 
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Fig, 4. Two examples of the stable pattern of Say, in two patients using PCAS. The bottom panel shows 
preoperative values and the upper panel postoperative values, for a 24-h period. 
TABLE III. Duration of hypoxaena (min h! < 94% Sap) 
(mean (95% confidence limuts)) allocated according to post- Episodes of profound hypoxaemia 


REGO PETES SRi; The Sao, recordings were analysed for episodes 
Non-hypoxaemic Hypoxaemic Of hypoxaemia divided into those at less than 90 % 
nnn nnn (moderate) and those at less than 85% (severe) 

Stable Unstable Unstable which lasted longer than 20 s. 
m23) ete) "= Episodes of severe hypoxaemia were rare and 
Before op. 0.4 1.2 4.8 there was no significant difference in the incidence 
(0.17-0.61)  (0.25-2.2) (1.0-8.6) of severe hypoxaemic episodes in the three 

After op. 0.9 1.4 17.7 


treatment groups. However, three patients in the 


OTS) 000-22) (10-25) extradural group (patients Nos 12, 13 and 19) had 


TABLE IV. Duration of preoperative monitoring in the mine patients with postoperative hypoxaerma. 


* No preoperative data available 
Time at 
Duration Sag, < 94% (min h~!) 
Patient (h) nt 
No. Before op. Before op. After op. 
Group A 
PCAS 4 l 6.4 13.7 
14 l1 14.4 9.0 
Group B 
Extradural 2 1 0 17.6 
3 2 0.2 16.5 
12 2 5.0 25,2 
13 3 0 18.4 
19 10 0.5 44.5 
Group C 
I.m. 6 0* 0* 7.2 


10 10 7.6 7.4 
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TABLE V. Mean (SEM) pain scores (mm) derived from a 
100-mm visual analogue scale 


Time (h) 


4 8 12 16 20 24 


Group A 

PCAS 31 (9) 20(5) 21 (4) 184) 18 126 
Group B 

Extredural 6(5) 11(9) 14(5) 3742) 136) 16@ 
Group C 

I.m. 47 (16) 26 (6) 26 (6) 16 (7) 296) 18 (5) 


TABLE VI. Number of patents experiencing side effects in the 


postoperative period 
GroupB Group A Group C 
Extradural PCAS I.m. 

(n = 10) (n=10) (n= 10) 
Vomiting 3 0 4 
Need for catheter 8 3 2 
Itching 3 1 0 
episodes of moderate hypoxaemia lasting 


3—90 min and patient 12 developed severe hypox- 
aemia requiring oxygen by facemask. 


Pain scores 


The pain scores for the three groups are shown 
in table V. Group B (extradural) patients had 
significantly lower pain scores (P < 0.01, analysis 
of variance, unpaired t test) than the i.m. groups 
4h after operation. The situation was reversed at 
16 h, when the i.m. group had significantly lower 
scores (P < 0.05, analysis of variance) than the 
extradural group. For the rest of the observation 
period, there was no significant difference in the 
pain scores of the three treatment groups. 


Side effects 


These are shown in table VI. On questioning 
several days after surgery, all patients said 
postoperative analgesia had been satisfactory. 


DISCUSSION 


Postoperative hypoxaemia occurring after abdom- 
inal surgery may be caused by a combination of 
pulmonary factors such as dependent lung atel- 
ectasis, and extrapulmonary factors such as ob- 
structive sleep apnoea secondary to the use of 
opioid drugs (2, 12, 13]. This study was designed 
tO examine postoperative oxygenation and, in 
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particular, the effect of analgesia on extra- 
pulmonary factors, because dependent lung atel- 
ectasis is very much less marked after lower than 
upper abdominal surgery [13]. The reference 
study was used to establish our criteria for 
hypoxaemia. We found that the distribution of 
S8, was skewed, with a median Sao, of 98% and 
with less than 1 % of values of the group being less 
than 94% Sao. Three of the nine subjects in this 
reference group showed Sap, values < 94% Sao, 
for longer than this mean value of 0.6 min h™ and 
we set our threshold of hypoxaemia 10 times 
longer than this (6 min h`). The patterns of Sao, 
vs time were either stable or unstable. The 
unstable pattern was characterized by a greater 
variability from hour to hour. Because of the 
shape of the dissociation curve, the less the Sao, 
the more exaggerated is the appearance of the 
unstable pattern (figs 3, 5). 

Monitoring the 30 patients following surgery 
showed that the majority had an Sao, immediately 
after operation that was indistinguishable 
from normal. However, during the subsequent 
postoperative study period, almost 30% of 
patients developed hypoxaemia (Sao, < 94%, 
10-25 min h-! (95% CL)) following uncompli- 
cated lower abdominal surgery and the hypoxaemia 
was most marked in those patients receiving 
extradural diamorphine. Moderate hypoxaemia 
(Sao, < 90%) occurred in three patients (extra- 
dural group), but severe hypoxaemia (Sao, 
< 85%) was rare in all three groups, only one 
patient requiring oxygen supplementation after 
operation. None of the patients in the PCAS or 
extradural groups was given preoperative or 
intraoperative opioids and this may account for 
the paucity of episodes of severe hypoxaemia 
(Sao, < 85%) compared with the patients in the 
study by Catley and colleagues [2]; these were 
older and received opioids as premedication, 
during the operation, in recovery and as a 
continuous infusion after operation. 

The periods of hypoxaemia occurred usually at 
night and were noticed to lessen after 06:00. It 
was noted also that desaturation was evident in 
some patients in both groups during the afternoon 
of the day following surgery and may have been 
related to the patient’s afternoon rest period. We 
have shown previously that all hypoxaemic epi- 
sodes occurred whilst the patient slept [2] and 
others have shown that sleep disturbs ventilatory 
control [14-16]. It was not the intention of the 
study to relate hypoxaemia to sleep, so no 
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Fic. 5, Two examples of the unstable pattern without prolonged hypoxaemia in two patients given i.m. 
morphine The time of administration of doses 1s shown by the arrows. The bottom pane] shows 
preoperative values and the upper panel postoperative values, for a 24-h period. 


measurements of EEG were made and sleep and 
sleep stages could not be recognized. Never- 
theless, the most profound hypoxaemia occurred 
between midnight and 06:00. ‘The mechanism for 
this nocturnal hypoxaemia is unknown, but we 
have shown previously that the majority of 
hypoxaemic episodes were associated with ob- 
structive rather than central apnoea [2]. There is 
a syngergistic effect of opioids and sleep leading to 
an impairment of ventilatory control [2, 16]. 

An incidental finding which needs further study 
was the ability, in some subjects, to predict the 
likelihood of postoperative hypoxaemia by pre- 
operative monitoring of Sao, A value of Sao, 
<94% for more than 4minh™ was a strong 
predictor of postoperative hypoxaemia, irrespec- 
tive of which analgesic regimen was used. In the 
PCAS and i.m. groups, hypoxaemia developed 
only in those patients with preoperative Sa, 
< 94% in excess of 4 min h~t. However, three o 
five patients in the extradural group who devel- 
oped postoperative hypoxaemia had normal 
preoperative values. The period of preoperative 
monitoring varied from lh to 11h and, as the 
study developed, the importance of an extended 
period of preoperative monitoring became ap- 
parent. Further work is required to establish if a 


short period of Sao, monitoring before operation 
in surgical patients would be as valuable as 8—10 h 
of overnight Sao, monitoring. 

The choice of a safe, effective method of pain 
relief on general wards remains unresolved. 
Although conventional i.m. analgesia in this study 
appeared to cause minimal desaturation with 
satisfactory pain scores, there is considerable 
evidence to suggest that pain relief is inadequate 
when i.m. opioids are used routinely. Patient- 
controlled analgesia in this series produced 
satisfactory results in terms of the visual analogue 
score, with minimal side effects and minimal 
respiratory disturbance in the majority of patients. 
Although there was no significant difference in the 
pain scores, the nursing staff were impressed both 
by the mobility of the patients using the PCAS 
and their ready acceptance of the technique. In 
this study, we examined the use of PCAS in 
patients with lower abdominal surgery who had 
received intraoperative extradural analgesia and 
in whom dosage was limited by a long lock-out 
time of 20 min. Because of those factors the dose 
of diamorphine used was small (26.8 mg) and it 
might be expected that patients after upper 
abdominal surgery without regional anaesthesia 
and with a shorter lock-out period would use 
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greater doses of opioid drug. Bolus administration 
of extradural opioid provided analgesia compar- 
able to that obtained by patients in the PCAS 
group. However, its use was associated with an 
unstable pattern of Sag, with a high incidence 
(5/10) of prolonged hypoxaemia, even in three 
patients with normal preoperative Sao, and with 
side effects such as urinary retention, nausea and 
vomiting. In contrast with previous reports [3] 
suggesting a delayed onset of ventilatory de- 
pression with extradural opioids, we found that 
the decrease in Sa, occurred within 6 h of the end 
of surgery. There was a tendency for desaturation 
to recur on the afternoon of the day following 
surgery. 

‘The consequences of this degree of hypoxaemia 
in young healthy patients are not known in detail, 
but it has been shown that an Sao, < 85% 
produced an abnormality of cognitive function 
[17]. In patients with cerebrovascular or coronary 
artery disease, and particularly in those with 
anaemia or with cardiovascular instability, this 
degree of hypoxaemia could have serious effects 
on organ function. In such patients postoperative 
oxygen therapy should be used routinely and for 
much longer periods of time than normal. In such 
high risk patients, provided they are not reliant 
solely on hypoxic ventilatory drive, it would seem 
advisable to monitor Sao, using pulse oximetry 
and to administer oxygen if Say, decreases to less 
than 90%. 

Ventilatory rates were recorded by the nursing 
staff responsible for these patients. No patient had 
a recorded breathing rate of less than 10 b.p.m. 
despite hypoxaemia in 30% of the subjects 
studied. This confirms the results of earlier work 
[2] that continuous oximetry (in patients breath- 
ing air) is a much more sensitive index of 
respiratory depression than simply measuring the 
frequency of ventilation. Of equal importance is 
the finding that continuous oximetry used in the 
preoperative period may be a predictor of post- 
operative hypoxaemia. 


15. 


16. 


17. 
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BUPRENORPHINE DISPOSITION IN PATIENTS WITH 
RENAL IMPAIRMENT: SINGLE AND CONTINUOUS 
DOSING, WITH SPECIAL REFERENCE TO METABOLITES 


C. W. HAND, J. W. SEAR, J. UPPINGTON, M. J. BALL, H. J. MCQUAY 


AND R. A. MOORE 


SUMMARY 


The disposition of buprenorphine has been 
studied in two patient groups to assess the 
influence of impaired renal function on the 
metabolism of buprenorphine and two of 
its metabolites, buprenorphine-3-glucuronide 
(B3G) and norbuprenorphine (NorB). A single 
i.v. dose of 0.3 mg was given to 15 patients (nine 
with dialysis-dependent renal failure) under- 
going lower abdominal or peripheral body sur- 
face surgery. Blood was sampled up to 24h. 
Concentrations of buprenorphine, B3G and 
NorB were assayed by a differential radio- 
immunoassay technique. There were no differ- 
ences in buprenorphine kinetics between anaes- 
thetized healthy patients and those with renal 
impairment: mean elimination half-lives 398 and 
239 min; clearance 651 and 988 mi min"; 
apparent volume of distribution at steady state 313 
and 207 litre, respectively. Both metabolites were 
undetectable following the single i.v. dose. In a 
second group of 20 patients (eight with renal 
impairment), buprenorphine was administered 
by continuous infusion for provision of analgesia 
and control of ventilation in the ITU (median 
infusion rate 161 ugh" (range 36-230 ug h’) 
for a median duration of 30 h (2-565 h). Bupre- 
norphine clearance in patients with normal and 
impaired renal function was similar (934 and 
7702 ml min, respectively), as were dose-cor- 
rected plasma concentrations of buprenorphine. 
In patients with renal failure, plasma concen- 
trations of NorB were increased by a median of 
four times, and B3G concentrations by a median 
of 15 times. 

KEY WORDS 


Pharmacokinetics buprenorphine. Biotransformation : bupre- 
norphine. Kidney. failure Intensive care sedation, analgesia. 


Buprenorphine, an opioid partial agonist, is some 
30 times more potent than morphine [1]. It is 
metabolized to buprenorphine-3-glucuronide 
(B3G) and to norbuprenorphine (N-dealkyl 
buprenorphine) (NorB) [2]; both metabolites have 
been found in plasma following long term admin- 
istration in man [l]. A third metabolite, a 
conjugate of N-dealkyl buprenorphine, is found 
also in human urine [3]. 

The pharmacokinetics of i.v. buprenorphine 
have been described previously [4] over a 3-h 
sampling period, with a mean clearance of 
901 ml min™ in anaesthetized patients. The main 
site of metabolism of buprenorphine appears to be 
the liver, and therefore impaired renal function 
should not result in alterations of plasma drug 
disposition. However, the absence of renal func- 
tion may lead to plasma accumulation of metabo- 
lites as has been reported following single 1.v. and 
multiple doses of opioids such as morphine [5-8], 
codeine [9], pethidine [10, 11] and propoxyphene 
[12]. 

The present paper describes two complemen- 
tary studies examining the disposition of bupre- 
norphine and its two main metabolites in patients 
with normal renal function and those with renal 
failure. In the single dose study, buprenorphine 
0.3 mg was given i.v. as part of a balanced 
anaesthetic technique; in the multiple dosing 
study, 20 patients received the drug by variable 
rate infusion to provide analgesia during con- 
trolled ventilation in the intensive care unit. 
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BUPRENORPHINE AND RENAL IMPAIRMENT 


PATIENTS AND METHODS 


All 35 patients (or their relatives) from whom data 
were collected gave their informed consent to 
participation in the investigations, which were 
approved by the Central Oxford Research Ethics 
Committee. 


Single dose study 


We studied nine patients with renal failure and 
six anaesthetized control subjects with normal 
renal function undergoing lower abdominal or 
body surface surgery. All patients with renal 
failure (table I) were dialysis-dependent, with 
preoperative creatinine clearances less than 
5 ml min. All underwent dialysis within 6—20 h 
of the start of surgery. Four of these nine patients 
were receiving antihypertensive therapy, includ- 
ing beta-adrenoceptor blocking drugs. 

Preoperative plasma urea and creatinine concen- 
trations in those patients with normal renal 
function ranged between 3.3 and 6.5 mmol litre” 
and 85 and 103 pmol litre, respectively. 

Premedication comprised diazepam 10-15 mg 
2h before surgery. Patients in the renal failure 
group who were receiving beta-adrenoreceptor 
blocking or other antihypertensive drugs received 
their normal daily dose at 06:00 and additional 
therapy, where appropriate, with the pre- 
medication. 

Anaesthesia was induced with thiopentone 
4 mg kg and the trachea intubated after neuro- 
muscular block with atracurium 0.25 mg kg”. 
The patient’s lungs were ventilated to normo- 
capnia using a Bain circuit with a tidal volume 
of 10mlkg" and a fresh gas flow of 
70 ml kg"! min“. The inspired gas mixture, 67% 


277 


nitrous oxide in oxygen, was supplemented with 
0.6-1 % enflurane. 

When stable anaesthesia had been attained, but 
before surgical incision, buprencrphine 0.3 mg 
(642 nmol) (Temgesic injection, Reckitt and 
Colman Pharmaceutical Division, Hull) was 
diluted to 10 ml! with normal salire and injected 
over 20s into a flowing peripkeral infusion. 
Venous blood samples were colleczed into plastic 
tubes containing lithium-heparin anticoagulant 
before induction of anaesthesia end after drug 
administration at 1, 2,5, 10, 15,20 30, 45, 60, 90, 
120 and 180 min and then at approximately 4, 6, 
8, 12 and 24h after the injection. Plasma was 
separated by centrifugation and stered at — 20 °C 
until analysis. 


Multiple dosing study 


Twenty patients in the intensive therapy unit of 
the John Radcliffe Hospital, Oxforc were included 
in an open study. Patients had a range of renal 
function, and for this study were considered to 
have abnormal renal function f the plasma 
creatinine concentration exceeded 140 umol 
litre?. All had normal hepatic function 
as defined by plasma activities of aspartate 
transaminase (AST), alkaline phosphatase and 
gamma glutamyl transpeptidase, end serura bili- 
rubin concentration within the reference range for 
the laboratory. Increases in bilizubin or AST 
following surgery or blood transfision were not 
taken as indicators of impaired hepatic function. 
When IPPV was established, a loading dose of 
buprenorphine 0.6 mg was giver i.v. and then 
buprenorphine 30ugml?! (64.2 umol litre*) 
(diluted in 5 % glucose solution) was infused at up 
to 10 ml h~! according to the clinical needs of the 


TABLE I Demographic and surgical detatls of the mine patients with impaired renal fenction. 
LRDT = Leving-related donor transplant; CadRT = cadaveric renal transplant 


Patient Age Plasma urea 

No. Sex (yr) (mmol litre~!) 
l F 25 23.5 
2 M 47 19 1 
3 M 30 15.8 
4 M 43 11.6 
5 F 56 25.5 
6 M 39 11.3 
7 M 20 14.7 
8 F 13 12.4 
9 F 40 23.0 


Plasma 
creatinine 
(mol litre!) Surgery 

620 LRDT 

1031 LRDT 
828 CadRT 
554 CadRT 

1027 Incisional hernia 
826 Graft nephrectomy 
797 CadRT 
420 LRDT 
714 LRDT 
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patients. Sedation was provided by increments of 
midazolam or diazepam, the aim being to achieve 
compliance with the ventilator, but response to 
verbal or tactile stimulation. Blood samples for 
measurement of buprenorphine and metabolite 
concentrations were collected from an indwelling 
arterial cannula at the same time as routine 
biochemistry and haematology samples (usually 
08:00 and 16:00). 


Sample analysts 

Plasma samples were analysed for bupre- 
norphine and metabolites (B3G and NorB) by a 
differential radioimmunoassay technique which 
utilized an iodinated buprenorphine derivative 
with two anti-buprenorphine antisera (L160, 
L162 rabbit antibuprenorphine antisera, Reckitt 
and Colman) with differing cross-reactivities [1]. 
L.160 measured buprenorphine and cross-reacting 
B3G; L162 measured buprenorphine and NorB. 
The molar cross-reactivity to B3G (compared 
with buprenorphine) was 69% using the L160 
antiserum, and that to NorB 0.3%; for L162, 
NorB cross-reacted 92%, and B3G 1.5%. 
The sensitivity for the two assays was 
< 0.2 nmol litre? for all three compounds, and 
the dynamic range of the buprenorphine assay was 
2-60 nmol litre’. The inter-assay coefficient of 
variation for buprenorphine using each antiserum 
was 7.7-18.0% over the range 2—11 nmol litre. 
Concentrations measured during the present 
studies were 0.2—11 mmol litre™!. An extraction 
procedure (to remove buprenorphine from plasma 
containing the more polar B3G) coupled to the 
radioimmunoassay gave a specific measurement of 
buprenorphine without interference from the 
metabolite; recovery following extraction was 
98-100 %. All samples from one patient were 
analysed during single assay series. 

When using L160 antiserum without extrac- 
tion, a standard curve of B3G was included in 
each assay together with the buprenorphine 
standard, to allow for inter-assay variability in 
cross-reactivity. The same was done for the L162 
antiserum and NorB. 

Plasma concentrations of urea and creatinine, 
enzyme activities and serum concentrations of 
bilirubin were measured by standard laboratory 
methods using a Technicon RA 100 Analyser. 


Kinetic and statistical analyses 


Following a single i.v. dose, the elimination 
half-life was determined by non-linear regression 
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analysis of the concentration—time data from the 
30-min sample. The area under the concentra- 
tion-time curve (AUC) and its first moment 
(AUMC) were calculated by the linear trapezoidal 
method and from these, model-independent esti- 
mates were made of clearance, apparent volume of 
distribution at steady state and mean residence 
time (Che, V™, MRT). 

Following multiple dosing, buprenorphine 
clearance was calculated by division of 1000 times 
the infusion rate over the previous 8h (in 
nmol min“) by the plasma buprenorphine con- 
centration (in nmol litre!) [13]. To obtain an 
average estimate for buprenorphine clearance for 
each patient, the mean of all measured 8-h 
clearance values for an individual was calculated. 

For correlation with plasma creatinine concen- 
trations, buprenorphine and metabolite concen- 
trations were converted to dose-related values by 
division of the plasma concentration by the 
average dose of buprenorphine infused per hour 
over the previous 8-h period. 

Data within the two patient groups were 
compared using the Mann—Whitney U test, and 
results are shown as mean (SD) or median and 
range, as appropriate. Correlation between plasma 
urea or creatinine and plasma buprenorphine or 
metabolite concentrations, or buprenorphine 
clearance, were carried out using the Spearman 
rank correlation coefficient. The significance value 
for differences between groups was P < 0.05. 


RESULTS 


Single dose study 


Anaesthesia and surgery were uneventful in all 
patients. Plasma buprenorphine concentrations 
declined in a curvilinear manner in both patient 
groups. There were no secondary peaks on the 
concentration decay profiles. Comparison of L160 
extracted, L160 non-extracted and L162 assayed 
samples showed no difference in plasma concen- 
trations of buprenorphine. Elimination half-lives 
were 148-694 min in patients with normal renal 
function and 101-560 min in patients with im- 
paired renal function (ms). Associated derived 
kinetic parameters are shown in table II. There 
was wide inter-individual variability between 
subjects, and no significant differences for the 
kinetic parameters between groups, with the 
exception of MRT (P < 0.05). In patients with 
renal failure, there were no significant correlations 
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TABLE II. Derived pharmacokinetic parameters (mean (SD)) in 

the 15 patients receiving buprenorphine 0.3 mg 1.0. during 

balanced general anaesthesia. Ty’ = elumnanon half-life; 

Clp = clearance; V” = apparent volume of distribution at steady 

state; MRT = mean restdence time. tP = 0.05; *P < 0.05 
(Mann-Whitney U test) 


Renal function Renal function 
normal impaired 
(n = 6) (n = 9) 
Age (yr) 49.0 (16.6) 34.7 (13.8) 
oe (kg) 61.8 (6.6) 62.0 (17.9) 
1:5 5:4 
7? A 397.7 (194.3) 239.2 (184.2) 
lp (ml min“ 650.5 (296.3) 987.6 (485.1)t 
V™ (litre) 312.7 (147.6) 200.5 (60.4) 
MRT (min) 510.5 (227.5) 283.5 (245.9)* 


between preoperative plasma urea or creatinine 
concentrations and buprenorphine clearance. 

Both metabolites of buprenorphine were un- 
detected in plasma samples in both groups 
following single i.v. dosing. 


Multiple dosing study 


None of the patients had impaired hepatic 
function (table III). Eight patients had renal 
impairment or failure, with plasma creatinine 
values greater than 250 umol litre and creatinine 
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clearances <9 ml min. Two of these patients 
required intermittent haemodialysis; the data 
included in this paper refer to blood sampling 
before haemodialysis. The other 12 ITU patients 
had normal renal function, with plasma creatinine 
values of 60-124 pmol litre! and associated 
creatinine clearances of 53-140 ml min“. 

Buprenorphine by infusion provided adequate 
analgesia and control of ventilation in most 
patients, as judged clinically by the nursing staff, 
although there was occasional need for supple- 
mentation with other drugs (papaveretum, neuro- 
muscular blocking agents). 

Table IV gives the individual infusion rates, 
durations of infusion, and total dose of bupre- 
norphine infused. The median infusion rate was 
161 pg h™? (343 nmol h™t) (range 32-230 ug h7!) 
and the median duration of infusion was 30h 
(range 2-565 h). Two severely ill patients (Nos 5 
and 6) received large doses of buprenorphine for 
284 and 565 h, respectively, and one (No. 5) was 
given a total of 18770 ug during a 24-h period. 
There were no associated unexpected changes in 
hepatic or renal function suggestive of toxicity, or 
exaggerated central nervous system depression. 
The infusion was discontinued and the patient 
given morphine for terminal care. 


TABLE ITI. Details of the 20 patients receruing an mfusnon of buprenorphine m the intensrve care unit 


Patent Age 
No. Sex (yr) (kg) 
Renal function 
impaired 
1 M 54 85 
2 M 69 85 
3 F 49 70 
å M. 69 75 
5 F 80 70 
6 M 37 70 
7 M 59 73 
8 M 66 66 
Renal function 
normal 
9 M 73 99 
10 M 72 58 
11 M 73 74 
12 M 66 80 
13 M 22 85 
14 F 63 51 
15 M 36 75 
16 M 80 70 
17 M 55 76 
18 M 67 73 
19 F 53 61 
20 M 68 80 


Weight 


Presenting condition 


Bowel resection 

Aortic aneurysm resection 
Pancreatitis 

Aortic aneurysm resection 
Aortic aneurysm resection 
Pneumonia 

Aortic aneurysm resection 
Mitral valve replacement 


Aortic aneurysm resection 
Aortic valve replacement 
Aortic valve replacement 
Aortic aneurysm resecton 
Abdominal gunshot wound 
Mitral valve replacement 
Muluple fractures 
Bleeding duodenal ulcer 
Aortic valve replacement 
Aortic aneurysm resection 
Mitral valve replacement 
Aortic valve replacement 
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Tags IV. Buprenorphine wfusion details, + Includes buprenorphine 18770 ug gtoen over the final 24h 


Patient 
No. (ug) (nmol) 
Renal funcnon 
impaired 
1 222 475 
2 180 385 
3 230 493 
4 113 242 
5 141 301 
6 104 222 
7 93 200 
8 87 187 
Renal function 
normal 
9 60 129 
10 96 206 
Il 123 263 
12 51 110 
13 114 244 
14 67 143 
15 66 142 
16 183 391 
17 65 139 
18 116 247 
19 116 247 
20 36 77 


TaBLe V. Dose-corrected plasma concentrations (pmol htre7} 
per mmol dose) of buprenorphine, norbuprenorphme and 
buprenorphine-3-glucuromde. Median values and ranges. 


(See text for details) ***P < 0.001 between groups 
(Mann-Whitney U test) 
Renal funcnon Renal function 
normal impaired 
Observations (n) 37 60 
Buprenorphine 20.6 (8 1-259) 23.0 (1.3-123) 
Norbuprenorphine 16.2 (0.0-172) 62.5 (0.0-547)*** 
Buprenorphine 16.5 (0.0-402) 241.5 (21.7-3652)*** 
3~glucuronide 
Plasma concentrations of buprenorphine 


metabolites following dose correction are shown 
in table V. Dose-related plasma buprenorphine 
concentrations were similar for both patient 
groups, but dose-related plasma concentrations of 
the two metabolites were increased in those 
patients with renal impairment. There was a 
median four-fold increase for NorB and a median 
15-fold increase for B3G (P < 0.001 for both 
metabolites), 

The 12 patients with normal renal function 
had a mean (SD) buprenorphine clearance of 


Mean dose per hour 


Total Total 
duration of buprenorphine 
infuston (h) infused (ug) 

10 2220 
2 360 
39 8985 
30 3390 

284 39950T 

565 58620 

27 2520 
47 4110 
48 2890 
24 2310 
29 3570 
21 1080 
30 3420 
37 2480 
43 2850 
12 2190 
47 3050 
13 1510 

9 1040 
43 1554 


934 (385) ml min`! (range 371-1614 ml min“); 
the eight with impaired renal function had a 
similar mean clearance (1103 (515) mi min`? 
(445-2032 ml min™)). 

When data from all 20 patients were analysed 
together, there was no correlation between plasma 
creatinine and dose-related plasma concentrations 
of buprenorphine. Statistically significant linear 
relationships with low correlation coefficients 
were found between plasma creatinine and 
dose-related B3G concentrations (y= 
0.0012x — 0.0332; r= 0.40, P < 0.0001, n = 92); 
and between plasma creatinine and dose-related 
NorB concentrations (y = 0.000131x+0.0227; 
r = 0.328, P < 0.0001, n = 92). Plasma concen- 
trations of buprenorphine increased with the rate 
of infusion of buprenorphine (nmol min`! as an 
average of the previous 8h; y = 0.472x+2.46; 
r = 0.414, P < 0.0001, n = 110). 

There were no significant correlations between 
plasma concentrations of buprenorphine and each 
metabolite. However, the plasma concentrations 
of the two metabolites were closely related (y = 
0.129x+2.78; r= 0.933, P< 0.0001, n = 120) 
(fig. 1). 
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Fig. 1. Relationship between plasma concentrations of buprenorphine-3-glucuronide and norbupre- 
norphine for 120 observations in all 20 ITU patients. Regression equation: y = 0.13x+2.78; 
r <x 0.933; P < 0.001. 


In none of the 20 patients were there side- 
effects or adverse effects attributable to the opioid. 


DISCUSSION 


The disposition and metabolism of bupre- 
norphine in man and animals have been studied 
principally by use of radiolabelled buprenorphine. 
In all species investigated, the major portion 
(about 70%) of oral or parenteral doses of the 
drug is excreted in the faeces [14, 15]—mostly as 
unchanged buprenorphine [14]. There is, in 
addition, some evidence for enterohepatic recircu- 
lation in man [15]. 

Little unchanged buprenorphine was recovered 
from the urine, where the metabolites bupre- 
norphine-3-glucuronide (B3G) norbupre- 
norphine (NorB) and N-dealkyl buprenorphine- 
3-glucuronide were present. Between 2 and 13% 
of a dose of buprenorphine was found in the 
urine, the extent depending on the route of 
administration [15]. After a single i.v. dose of 
0.6 mg, both conjugated buprenorphine and the 
N-dealkyl metabolite were found in urine for up 
to 7 days [3]. 

Plasma concentrations of buprenorphine after 
single doses by the i.v., i.m., sublingual and oral 
routes of administration have been documented 
[4, 16, 17]. However, there are few data on the 
plasma disposition of buprenorphine and its 
metabolites in either healthy patients or those 


with disordered rena] function. A previous study 
reported the disposition of buprenorphine to be 


` unaltered in renal failure; however, that study was 


limited to a 3-h sampling period, and measured 
only parent drug [18]. The present single dose 
study in anaesthetized patients has confirmed the 
earlier observations. There were unmeasurable 
concentrations of buprenorphine within 12-24 h 
of a single i.v. dose, and the concentrations of the 
two metabolites in blood were either zero or below 
the limit of sensitivity of the assay [1]. 

Comment should be made on the variability in 
clearance values and elimination half-lives in the 
single dose part of this study. Earlier reports have 
indicated a coefficient of variation (CV) for 
clearance of the order of 22 % [1], while the CV in 
the healthy patient group in the present study was 
46%, and that in the impaired renal function 
group, 49 %. The increased variability may reflect 
several differences between the two studies: wider 
age and weight ranges, the influence of various 
intercurrent drug therapies, different surgical 
operations, different vascular sampling sites and 
longer duration of sampling. In addition, there is 
the possible competitive interaction between 
buprenorphine and the premedicant diazepam for 
the same metabolic pathway. 

After long term administration, however, 
plasma concentrations of NorB were of the same 
order as those of the parent drug; while the 
concentrations of B3G were some two-fold greater 
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[1]. These interesting results, despite infusion 
rates of the parent drug of only 50-250 ug ht, 
may be interpreted as indicating that the elimi- 
nation kinetics of the metabolites were non-linear 
with respect to the parent compound. Plasma 
concentrations of B3G decreased at a rate similar 
to those of buprenorphine, whilst those of NorB 
declined more slowly. This is in agreement with 
the slower appearance of NorB in urine [3]. B3G 
is analgesically inactive, while NorB is some 
40 times less potent as an analgesic than 
buprenorphine when assessed using the rat tail- 
flick test [Lloyd-Jones G, personal communi- 
cation}. 

Systemic clearance of buprenorphine would not 
be expected to be related to renal function, as 
buprenorphine clearance is considered to occur 
mainly by hepatic extraction and metabolism 
[2, 14, 19]. In contrast to the parent drug, the 
dose-related plasma concentrations of B3G and 
NorB were both increased when given by infusion 
to patients with renal impairment. The marked 
linear relationship between the two metabolites 
(fig. 1) may indicate that these compounds are 
eliminated by a similar route, which is most likely 
to be different from that of the parent drug. 

Plasma concentrations of B3G were approxi- 
mately 10-fold greater than those of NorB (fig. 1), 
and this may reflect the further metabolism of the 
latter to a conjugated form [15]. Conjugated NorB 
has been detected in human urine [3], but would 
not have been so by the differential assay used in 
this present study. The concentrations of NorB 
found in our intensive care patients with impaired 
renal function are unlikely to have exerted 
significant pharmacological activity, given the 
lower potency of the metabolites and lower 
receptor affinity compared with the parent drug. 
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PREDICTION OF INFUSION RATES: COMPUTER STUDY 


M. J. HARRISON 


SUMMARY 


The administration of two čest doses in the ratio 
7:0.5 has been shown to provide sufficient data 
(time intervals) to predict the infusion rate 
necessary to maintain the concentration of a 
drug at the therapeutic threshold in a two- 
compartment pharmacokinetic model. If the 
relationship between the durations of action of 
the test doses is linear, only one test dose may be 
needed to predict the infusion rate. 


KEY WORDS 
Pharmacokinetics: models. 


Although many regimens aave been described 
[1—4] for producing a steady concentration of a 
drug within its therapeutic range, they do not 
necessarily produce a predetermined pharma- 
cological response. Noeldge, Hinsken and Buzello 
[5] used an approach based upon body weight in 
an attempt to produce an acceptable degree of 
neuromuscular block. The range of twitch tension 
achieved varied from 0% to 60% of control 
(mean 13 (sD 23)%) when aiming for 90% 
neuromuscular block. This approach could not 
cope with the wide biological variation between 
patients. 

A technique whereby the dosage of a drug may 
be tailored to the individual patient is thus 
desirable. The type of drug for which the 
technique may be used would be one with a 
clinically obvious effect, for example the onset and 
recovery of paralysis as measured by neuro- 
muscular function. The present study was de- 
signed to investigate this possibility. 


PHARMACOKINETIC CONSIDERATIONS 


Figure 1 schematically demonstrates the drug 
concentration-time profile achieved with a drug 
regimen of three boluses (an induction dose and 


two test doses) administered to an open one- 
compartment pharmacokinetic mcdel. It is poss- 
ible to write two equations that relate the duration 
of action to drug concentration, volume of 
distribution and the elimination rate constant: 


(crrsBemacrr a 
Ds\ a 
(crr+7}e x= CTT (2) 


where CTT = concentration of the drug at the 
therapeutic threshold, that is where neuromus- 
cular block is deemed inadequate; V = distri- 
bution volume; k = first-order elimination rate 
constant. D, and D, and t; and tf, ar2 the test doses 
and times from injection to recurn to CTT 
(duration of action), respectively. 

CTT, k and V, which are common to both 
equations, determine the time intervals, r, and t, 
and the infusion rate required tc maintain the 
concentration at CTT (CTT xV xk = CTT 
x clearance). Thus it is possible to demonstrate 


Concentration of drug 





Fic. | Drug concentration profile following the admın- 
istration of three bolus doses in the raio 1 1.0.5 
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graphically a direct relationship between the time 
intervals and the infusion rate. The same principle 
may be applied to drugs showing polyexponential 
disposition kinetics. 


METHOD 


The hypothesis was tested with a two-compart- 
ment pharmacokinetic model [6]. The program 
was modified so that the required dosage regimen 
could be given. After the pharmacokinetic par- 
ameters (kips kias Rg, and distribution volume) had 
been set, an infusion was administered to the 
model until a steady state had been reached. The 
concentration at which this occurred was recorded 
as the desired therapeutic threshold (CTT). The 
computer program was then reset, the same 
constants entered and a dose of drug was given to 
increase the concentration in the central com- 
partment above that which was set to be the 
therapeutic threshold. When the concentration 
declined to CTT, the first of two test doses (D,) 
was given; when the concentration again declined 
to the CTT the second test dose (D,) was given, 
the second dose being 50% that of the first. The 
durations of action of these two test doses (t, and 
t,) were recorded—that is, the time from injection 
of the bolus to the time at which the concentration 
in the central compartment decreased to CTT. 

The parameters k,, and k, were altered 
systematically, as were the infusion rate and the 
test doses that were administered to the model. k,, 
was in the range 1—20: k, was 2—10. kio was held 
constant at 0.5 and the volume of distribution 
constant at 10 litre. The first test dose ad- 
ministered to the model was in the range 2-20 u, 
the second test dose being 50% of these values. 
The infusion rates administered to the model were 
such that infusion rate/second test dose was 
0.01—0.1, in increments of 0.01. The variation in 
the constants and the infusion rate produced 
different values for CTT. The data from the 
computer program were then used to produce a 
family of isopleths representing the relationship 
between time and infusion rate, the latter being 
designated as a fraction of the second dose per 
unit time. 

Following the completion of this part of the 
study, one set of pharmacokinetic parameters, 
average values, describing the disposition of 
pancuronium [7] were entered into the model and 
further data points generated. The volume of 
distribution, nominally 7 litre, was changed to 
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simulate patients of different sizes (2~10 litre), 
kio = 0.74, ky, = 3.2 and ka = 4.2. As described 
previously, the pharmacological end-point to 
which the test doses were timed (CTT) depended 
on the pharmacokinetic parameters used and the 
infusion rate. 


RESULTS 


Figure 2 demonstrates how the infusion rate may 
be determined from the duration effect of the two 
test doses. Each isopleth represents the infusion as 
a fraction of the second test dose per unit time. 
Figure 3 shows £, vs t, for different test doses (8, 
6, 4, 2 and 1 mg) when the pharmacokinetic 
constants entered were those of an average patient 
given pancuronium. The relationship was 
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Fic. 2. Relationship between the infusion rate and t; and t}. 

The infusion rate is represented as a fraction of the second 

test dose given per minute and 18 indicated by the number on 
each isopleth. 
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Fic. 3 Relationship between t, and t, for pancuronium when 
8-, 6-, 4-, 2- and l-mg doses were given to the pharmaco- 
kinetic model with a distribution volume of 2-10 litre. 
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Fic. 4. Graphical representation of the relationship between 

D, x t, and the infusion rate in mg h™! for pancuronium, de- 

rived from figures 2 and 3. The isopleths are for different test 
doses as indicated. 


represented by a straight line such that 
ta = 1.04 t — 8.4. 

Manipulation of the data from figures 2 and 3 
enabled the construction of figure 4. For example, 
if the test doses of pancuronium were 4 mg and 
2 mg, their respective durations of action could be 
21 min and 12.5 min (fig. 3). If these values for t; 
and t, are applied to figure 2, they pinpoint the 
0.03 isopleth. The infusion rate per minute is the 
product of the second dose and the isopleth value 
(2 x 0.03), that is, 0.06 mg min™ or 3.6 mgh"}. 
Referring to figure 4 confirms this relationship, 
D, Xt, = 25, which on the 2-—mg isopleth is 
equivalent to a 3.6-mg h™ infusion rate. 


DISCUSSION 


The major assumption made in this study was that 
there was no displacement of effect vs time from 
concentration vs time. 

Figure 2 may be considered part of a general 
solution to the problem determining infusion rate 
for drugs that exhibit linear kinetics. Some drugs 
have much longer time courses of action. Figure 4 
is a form in which the solution appears for a 
particular drug and, in this case, from a single set 
of average pharmacokinetic parameters. This 
solution must be considered unproven until a 
clinical study has demonstrated the linear re- 
lationship between two test doses and thus the 
requirement for only a single test dose. 

Wagner’s [1] method for the achievement of a 
desirable concentration plateau is dependent upon 
a knowledge of the plasma clearance and half-life 
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of the drug used. This is not normally known to 
the clinician for any individual patient. Hengst- 
mann, StoecKel and Schuttler [3] used Wagner’s 
model and thus reduced the clinical usefulness of 
their technique. Vaughan and Tucker’s method 
[2] for the achievement of the desired concen- 
tration 1s complex and requires a bolus dose, a 
constant infusion and an exponentially decreasing 
infusion. These techniques do not give a “ person- 
alized ” infusion for the patient, and the clinical 
requirement is for a predetermined effect rather 
than concentration. 

Jones, Laurence and Thornton [4] used a two- 
step infusion schedule to maintain anaesthesia 
using etomidate and fentanyl, but found that only 
76% of the patients were provided with adequate 
anaesthesia. Noeldge, Hinsken and Buzello [5] 
observed a very wide range of effect when using a 
weight-related infusion regimen. They gave vecu- 
ronium 0.075 mg kg™ as a loading dose and 0.075 
mg kg? h™ as an infusion. 

The conclusion of the present study is that it 
may be possible to determine a “personalized”’ 
infusion rate by the administration of two boluses 
of differing magnitudes of a drug, the effects of 
which are clinically obvious or measurable, and 
comparing the relationship between the durations 
of action of the two doses. 

It is likely that it will be more difficult to 
maintain accurately the circulating concentration 
of a very short acting drug at the therapeutic 
threshold, because small errors in timing lead to 
large variation in the predicted infusion rate. 
Conversely, the longer acting the drug the more it 
should be possible to maintain accurately the 
plasma concentration at the therapeutic threshold. 
When dealing with a specific drug, where it has 
been shown clinically that the r,:t, relationship is 
linear, and inter-individual variation small, only 
one test dose may be required. This relationship 
needs clinical confirmation. 
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PREDICTION OF INFUSION RATES: VALIDATION OF A 
COMPUTER SIMULATION USING VECURONIUM 


M. J. HARRISON 


SUMMARY 


In Phase 1 of the study a loading dose of 
vecuronium was given to 24 patients, followed 
by a sequence of infusions and boluses. The 
relationship between the duration of a bolus 
dose and the infusion rate necessary to maintain 
the required degree of neuromuscular block was 
demonstrated. In Phase 2 the data acquired from 
Phase 1 were used in an attempt to produce a 
predetermined degree of neuromuscular block. 
The aim was a block of neuromuscular function 
so that the height of the first twitch of a train-of- 
four was 15% of control. In the 10 patients 
studied the average height was 14.7% 
(SD 4.95%). It was concluded that it is possible 
to predict accurately the infusion dose of 
vecuronium required to achieve a predeter- 
mined degree of neuromuscular block, according 
to the duration of action of one or twa test doses. 


KEY WORDS 


Pharmacokinetics: models Neuromuscular relaxants vecu- 
ronium. 


The results of a simulation study using a 
computer model suggested that it was possible to 
determine the rate of infusion of a drug required 
to produce a desired effect, knowing the duration 
of action of two bolus test doses of the drug [1]. 
Further work with the computer simulation 
suggested that, for a particular drug, the re- 
lationship between the duration of the first and 
the second test doses was linear and that only one 
test dose would, therefore, be required [2]. 

To investigate this possibility, it was necessary 
to have an accurate measure of recovery from the 
action of the drug—a criterion readily available 
with neuromuscular blocking agents. Vecuronium 


was used and the duration of effect was monitored 
using an integrated electromyogram. 

The first phase of the study aimed to dem- 
onstrate the relationship between the durations of 
action of the first and second test doses. Sub- 
sequently, a graph was to be constructed from 
which infusion rates could be predicted from the 
duration of action of test doses. The accuracy of 
the technique using the data acquired in Phase 1 
was assessed in Phase 2. 


PATIENTS AND METHODS 


All patients studied were undergoing surgical 
procedures of long duration and were anaes- 
thetized using fentanyl, thiopentone, vecuronium, 
66% nitrous oxide and 0.5% isoflurane in 
oxygen. Their lungs were ventilated using a circle 
breathing system with a carbon dioxide absorber 
and a heated humidifier in circuit. End-ndal 
carbon dioxide concentration was measured using 
a Cardiocap (Datex Instrumentation Corp., Hel- 
sinki, Finland) and the integrated electromyogram 
was monitored using a Relaxograph (Datex 
Instrumentarium Corp., Helsinki, Finland). 
Silver—silver chloride electrodes were used (3M 
Red Dot), the ulnar nerve being stimulated at the 
wrist and the response measured over the ab- 
ductor digiti minimi. The limb was wrapped in 
wadding to prevent cooling. The Relaxograph 
induced a train-of-four (TOF) stimulation pattern 
at a supramaximal current, the TOF being 
repeated at 20-s intervals; the pulse width was 
100 us, repeated at 2 Hz. The end-tidal carbon 
dioxide partial pressure was maintained at 3.0- 
3.5 kPa. 
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Calibration of the Relaxograph was performed 
after induction of anaesthesia but before the initial 
dose of vecuronium 0.1 mg kg-t. 


Phase 1 


Twenty-four patients were studied in this 
phase. With the exception of patients Nos 23 and 
24, all received two boluses of vecuronium 
following the induction dose. The boluses were 
given during recovery from the preceding dose, 
when the height of the first twitch of the TOF 
equalled 10% of the control value (T1% = 10). 
Doses of 8, 6, 4 or 2 mg were given as the first test 
dose, D,. On recovery from this dose to T1% = 
10 (duration of action = £), 50% the previous 
dose was given (D,) and its duration of effect 
(recovery to T1 % = 10) noted (t,). The sequence 
of events was thus: induction dose — Ist test dose 
— 2nd test dose. The doses were allocated ran- 
domly, but in a manner that resulted in five 
patients in each dose group. 

Twelve patients received infusions after the 
sequence of boluses. The infusion rates were 
determined on a trial-and-error basis to provide a 
T1% of 1-20 and were maintained until three 
consecutive readings at 5-min intervals did not 
differ by more than 2% and did not represent a 
steady increase or decrease in T1%. The degree 
of neuromuscular block was noted. In five patients 
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there was sufficient time to follow the infusion by 
further test doses of 1, 2 and 4 mg. The durations 
of action of these test doses were noted, that is the 
time for T1% to return to the level reached 
previously by infusion. This sequence of events 
was: induction dose — Ist test dose — 2nd test dose 
— infusion — 1 mg — 2 mg — 4 mg. 


Phase 2 


Ten patients undergoing surgical procedures of 
long duration were anaesthetized using the same 
technique as outlined above. On recovery from 
the loading dose of vecuronium, at T1% = 15, a 
4 mg bolus was given. From the duration of action 
of this test dose (the time taken from T1% to 
return to 15) the infusion rate was determined to 
the nearest 0.25 mg h` from table IV, the product 
of the data from Phase 1. If the duration of the test 
dose was short (less than 20 min), the test dose 
was repeated. 

The infusion was started with an additional 
small bolus of vecuronium 0.5 or 1 mg and the 
neuromuscular block was measured for a period of 
at least 30 min. The degree of block was recorded 
as the mean T1 % of the last three values recorded 
at 5-min intervals. The minimum requirement 
was that the three values did not differ by more 
than 2% and did not represent a steady increase 
or decrease in the degree of neuromuscular block. 


TABLE I. Demographic and neuromuscular transmsson data from test doses given before the infusion 
from 20 patients studred 


Patient Age Wr D, 
No. (yr) Sex (kg) (mg) 
1 60 F 58 8 
2 53 F 57 8 
3 53 M. 70 8 
4 51 F 6l 8 
5 43 F 66 8 
6 70 M 85 6 
7 44 M 75 6 
8 60 F 72 6 
9 42 M 90 6 
10 22 M 62 6 
11 36 F 58 4 
12 16 M 62 4 
13 23 F 67 4 
14 36 F 70 4 
15 64 M 96 4 
16 25 F 60 2 
17 73 M 60 2 
18 80 M 72 2 
19 74 M 50 2 
20 78 F 80 2 


ty D, ba Stimulus 
(min) (mg) (mim) artefact (%) 
58.7 4 55.9 3 
35.3 4 28.2 8 
26.8 4 22.2 4 
54.5 4 46.5 3 
85.1 4 74.9 0 
68.9 3 58.9 13 
16.2 3 14.5 6 
50.0 3 401 11 
42.8 3 33:2 6 
45,4 3 34.4 9 
30.1 2 16.4 5 
16.4 2 12.3 0 
36.2 2 28.1 4 
25.5 2 20.0 0 
23.6 2 13.2 6 
10.4 l 5.7 11 
20.1 1 16.2 1} 
18.4 ] 9.5 3 
22.8 1 13.7 0 
41.3 1 25.9 3 
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Fig. 1. Relatonship between t, and t for vecuronium. @ = 
Test doses given before the infusion (early); O = test doses 
given after the infusion. 


RESULTS 


Phase 1 


Table I presents the durations of action of test 
doses of vecuronium when given in a 2:1 ratio 
following the induction dose. It excludes three 
patients whose Relaxograph tracings were un- 
acceptable because the stimulus artefact exceeded 
15%. The mean stimulus artefact was 5.3% 
(range 0-13%). The age of the patients was 
16-80 yr (mean 50.2 yr), and their weights were 
50-96 kg (mean 68.6 kg). 

The durations of action of the first test dose of 
the drug, t£, and the second test dose, tą, are 
displayed graphically in figure 1 (t, = 0.931, —5.5; 
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Fig. 2. Duration of action of a test dose cf vecuronium vs 
preceding infusion rate. The isopleths represent values for 
test doses indicated. 


linear regression coefficient = 0.97). Also pre- 
sented in figure 1 are the values of 4, and t, when 
the doses were given after the infusions (table IT) 
(ta = 0.622, + 0.24; r = 0.94). 

Figure 2 demonstrates the relationship between 
the duration of action of a test dose and the 
infusion rate (data from table IT” required to 
maintain the predetermined degree of neuro- 
muscular block. The isopleths represent different 
test doses. These results are for doses given after 
the infusion. Patient No. 21 had a very long 
procedure; this allowed four sets of infusions and 
test doses to be given. The simuation of low 
infusion rates was achieved by maintaining a 
background infusion during the teet doses. The 
simulated infusion rate was therefore the differ- 


TABLE II. Durations of test doses grven after the infusion and thetr O infusion nates. 
*Sunulated requirement-—a background mfuston was mamtamed 


Patient 
No. å mg 2 mg 

10 32 20 
18 16 

16 28 18 
29 18 

35 24 

21 30 20 
35 25 

67 40 

49 

23 37 
24 14 8 


Duration of late test doses (min) 


Infusion 
rate 
1 mg (mg h“) T1% 

ll 5.0 li 
6 7.0 3 
9 5.5 8 
11 5.0 12 
15 4.0 15 
12 5.0 5 
15 4.0 16 
21 2.0% 16 
1.0* I} 
26 2.0 13 
15,0 8 
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Fic. 3. Duration of action of a 4-mg test dose of vecuronium 
when given before the infusion (early) (@) or after 11 (late) 
(O), compared with the infusion rate. 


ence between the previous infusion rate and the 
infusion rate during the test doses. 

The differences between the duration of action 
of vecuronium 4 mg given immediately after the 
induction dose (early) and when given after a 
period of infusion to steady state (late) are shown 
in figure 3. With the exception of patient No. 5, 
the values for the early 4 mg test doses are derived 
values (table ITI) as it was found difficult to deter- 
mine the exact infusion rate required to produce 
the same degree of neuromuscular block as that to 
which the test dose had been allowed to recover. 
Derivation of some of these values was achieved 
by interpolation ; for example, in a patient having 
two infusions, 4 mg h7 producing T1% = 5 and 
3 mg h™ producing T1% = 15 allow the deri- 
vation that 3.5 mg h™ will produce a T1% = 10. 
The duration of action of a 4-mg test dose could be 
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TABLE III. Durations of early 4-mg test doses given before the m- 


fuson and their corresponding infusion rates. Some values were 


estimated. “Interpolated; **Calculated; ***Extrapolated. 
tExcluded from graphic presentation 
Patient Time Infusion rate 
No. (min) for T1% = 10 (mg h`!) 
5 75 1.0 
10+ 38* 5.0 
16 17** 52s 
21 21 4.5* 
22 32 3,544 
23 62 2.308% 
24 1l 15.0 


determined if an 8-mg or 2-mg dose was given by 
using the straight line equation that relates D, to 
D,: t, = 0.931, —5.5. The third manner in which 
a value was derived was by extrapolation, as in 
patients Nos 22 and 23. The average percentage 
change in degree of neuromuscular block per 
1 mg h~t of infusion was known and, therefore, if 
a patient had a T1% of 15 with an infusion rate 
of 5 mg h-t, the infusion required to produce a 
T1% = 10 could be estimated. The result from 
patient No. 10 was excluded from the graph as it 
appeared to be an aberrant result, but it has been 
included in the table for completeness. 

Table IV presents derived values that relate 
duration of action of an early 4-mg test dose to the 
required infusion rate. This table was used in 
phase 2 of the study. 


Phase 2 

Table V presents the data from the 10 patients 
studied. The age of the patients was 27—79 yr and 
their body weights 58-113 kg. 

Patient No. 4 was the only patient in whom the 


TABLE IV. Estumated values of tnfusion rates relating to the duration of a 4-mg test dose of vecuromum 
given according to the planned procedure 


Duration of Estimated 
4-mg bolus infusion rate 
(min) (mg h~*) 

80 1.0 
70 15 
60 2.0 
50 2.5 
40 3.0 
30 3.5 
24 4.0 


21 4.5 


Duration of Estimated 
4-mg bolus infusion rate 
(min) (mg h~?) 
18 5.0 
16 5.5 
16 6.0 
15 7.0 
14 8.0 
13 9.0 
12 10.0 
1] 13.0 
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TABLE V. Demographic and neuromuscular transmiusion data from 10 patients 











Duration Infusion Duration 
Patient Age Weight of test rate of infusion 
No. (yr) Sex (kg) dose(min) (mg hb“) (min) TL% 
1 54 M 85 26.7 3.75 80 12.7 
2 38 M 113 36.0 3.25 80 13.0 
3 79 M 66 59.7 2.00 30 16.0 
4 58 M 66 18.7 4,75 60 9.3 
27.7 3.75 60 20.7 
5 73 F 68 26.7 3.75 40 12.3 
6 54 F 83 50.0 2.50 50 22.7 
7 39 M 80 24.3 4.00 40 19.7 
8 61 F 58 52.0 2.50 30 5.0 
9 27 M 100 29.3 3.50 60 190 
10 53 F 86 41.7 3 00 50 12.0 
TABLE VI. Adjusted values for predicted infusion rates relating 
to duration of a 4-mg test dose of vecurontum given according DISCUSSION 


to the study programme 


Duration of Estimated 
4—mg bolus infusion rate 
(min) (mg ho’) 

60 2.0 
52 2.5 
43 3.0 
35 3.5 
27 4.0 


test dose of vecuronium lasted less than 20 min 
(18.7 min) and so, according to the planned 
procedure, was given a second test dose. This 
lasted 27.7 min. The procedure was of sufficiently 
long duration to allow infusions of 60 min dur- 
ation for infusion rates determined from both 
tumings—that is 4.75 mg h™ for the 18.7-min 
duration and 3.75 mg h` for the 27.7-min dur- 
ation. The infusions produced average T1% 
values at steady state of 9.3 and 20.7, respect- 
ively——an average of 15. Taking the average value 
for patient No. 4, the mean value of T1% at 
steady state for the 10 patients was 14.7 and the 
standard deviation 4.95. 

Table VI represents a refinement of table IV in 
the light of the additional data accumulated during 
this study. Nine patients received a total of 22 
different infusion rates to steady state. The 
average change in Tl was 9% mg "th. The 
infusion rates presented in table VI were 
determined by adjusting the infusion rate by 
O.llmgh™' for every 1% deviation from 
TI = 15%. 


This was not a pharmacokinetic study, as factors 
other than drug concentration were the deter- 
minants of the final measurements. The duration 
of drug action was assessed by the return of 
function of the neuromuscular complex on which 
the agent acted. In this respect it was a crude 
dose-response investigation. No assumptions may 
be made that, at the time of administration of the 
test doses, the circulating concentrations of the 
drug were the same or similar, nor can it be 
assumed that pharmacokinetic compartments 
were filled or in a steady state. 

With the exception of servo-contralled systems, 
where continuous feedback from the patient 
controls the delivery of the drug, there has not 
been a technique for setting a predetermined 
degree of neuromuscular block and achieving it by 
a fixed regimen. The patient-to-patient variability 
is such that it is not possible to suggest an average 
infusion rate, a8 one patient may require five times 
as much as another. Noeldge, Hinskea and Buzello 
[3] used a loading dose of 0.075 mg kg" and an 
infusion of 0.075 mg kg-t h!t. Their steady state 
block varied between total block and 
60% depression of twitch tension (equivalent to 
T1% = 40) from the control value. 

Age may [4] or may not [5] affecz the dose of 
vecuronium required. However, any change in the 
patient’s ability to redistribute or eliminate the 
drug should be reflected in a change in the 
duration of action and thus the derived rate of 
infusion. Cumulation, when giving repeated 
doses, does not occur, or occurs to a very small 
extent [6-9]. 
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Phase 1 


The linearity of the relationship between ¢, and 
tœ as demonstrated in figure 1, validated the 
computer prediction of such a relationship. 

The values for t, and ft, presented in table II, 
gathered from patients who had received large 
cumulative doses of vecuronium, had smaller 
deviations from the line of best fit than was found 
in those patients who had their test doses early. 
For those test doses given at the beginning of the 
anaesthetic (table I), t = 0.931,—5.5. Actual 
values of t, deviate from the calculated values by 
an average of 2.6 min and the maximum deviation 
was 7.0 min. For those doses given after the 
infusion (table II), ¢, = 0.622,+0.24. Actual 
values of t, deviate from the calculated values by 
an average of 1.7 min; the maximum deviation 
was 4.6 min. 

It was thought that it might be unnecessary to 
use two test doses to determine the infusion rate. 

The data generated for table I used the end- 
point of T1 % = 10, whereas the degree of block 
used in the patients studied for the production of 
table II was variable, depending on the block 
attained by the infusions. The degree of neuro- 
muscular block achieved was immaterial, as long 
as it was constant for any single set of results for 
the D,:D,: Infusion sequence [2]. 

The study design was the same as used in the 
original computer programme [2]. The infusion 
was given first; this set the degree of neuro- 
muscular transmission block to which the bolus 
doses were tested. That is, if the infusion 
produced a block of 86%, the alarm on the 
Relaxograph was set to T1%=14 and the 
duration of action of the test doses was timed to 
the return of T1% to that value. However, the 
graph relating infusion rate to duration of bolus 
(fig. 2) is valid only for boluses given in the 
situation where a relatively large cumulative dose 
has been given. It was necessary, therefore, to 
acquire data to determine the relationship be- 
tween boluses and infusion rates after an early test 
dose. This was achieved by interpolation, extra- 
polation and the use of the linear relationship 
between t, and ż, to adjust values from patients 
who had had both an early test dose and an 
infusion. The shape of the graph reinforces the 
suggestion from the computer study that, in 
patients in whom the drug has a very short 
duration of action, it may be extremely difficult to 
determine the infusion rate accurately. 


BRITISH JOURNAL OF ANAESTHESIA 


Phase 2 


The infusion requirements for the patients 
studied in the validation study were very variable: 
2-15 mg h`. There was no correlation of infusion 
rate with age or weight. However, the precision 
with which the targeted degree of neuromuscular 
block was achieved (T1% = 14.7 (sp 4.95)) was 
favourable when compared with the results of 
Noeldge, Hinsken and Buzello [3], in which the 
range of twitch tension achieved varied from 0% 
to 60% of control (mean 13 (sp 23)%) when 
aiming for a 90% neuromuscular block, equi- 
valent to T1% = 10. T1% = 15 was chosen for 
this part of the study in order to assess better the 
precision of attaining the target, as it is impossible 
to quantify further the degree of neuromuscular 
block using the TOF technique when T1% = 0. 

From experience gained during Phase 1, it 
became apparent that, if the duration of action of 
the test dose was short (less than 20 min), the 
accuracy of the technique was likely to be poor. 
To minimize this effect, it was decided to repeat 
the test dose in such circumstances. The reason 
for the inaccuracy was thought to result from two 
factors. First, the initial induction dose failed to 
fill the distribution volume to the required degree 
and thus the duration of the test dose was not 
caused solely by clearance of the drug, but also by 
redistribution. Second, in patients who require 
high infusion rates, with a corresponding short 
duration of action of the test dose, the slope of the 
graph of test dose duration vs infusion rate in this 
range was very small (figs 2, 3), in agreement with 
the computer predictions that estimated infusion 
rates of drugs with short durations of action are 
likely to be less accurate. The patient whose test 
dose lasted less than 20 min was given two 
infusions and each of these deviated from T1 % = 
15 by 5.7. It is suggested that, when the test dose 
is of short duration, two boluses be given and the 
infusion predicted from the average duration of 
action. 


It is concluded that it is possible to predict, 
approximately, the magnitude of an infusion of 
vecuronium that is required to produce a 85% 
block of neuromuscular function, as measured by 
the integrated electromyogram. 

Further studies may permit greater refinement 
of the relationship between the duration of action 
of a bolus and the predicted infusion rate. The 
relationship between the durations of action of 
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two bolus doses of differing magnitude may 
permit the pharmacodynamic comparison of 
drugs such as the neuromuscular blockers. 
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COMPARISON OF NEUROMUSCULAR BLOCK IN THE 
DIAPHRAGM AND HAND AFTER ADMINISTRATION OF 
TUBOCURARINE, PANCURONIUM AND ALCURONIUM 


M. C. DERRINGTON AND N. HINDOCHA 


SUMMARY 


The onset and offset of neuromuscular block 
in the diaphragm and in the adductor 
pollicis muscle were recorded using unilateral 
supramaximal stimulation of phrenic and ulnar 
nerves. Thirty patients were allocated randomly 
to receive tubocurarine 0.4-0.5 mg kg™', 
pancuronium 0.07-0.08 mg kg! or alcuronium 
0.2-0.3 mg kg™'. In all cases the onset of neuro- 
muscular block occurred in the diaphragm before 
adductor pollicis, and spontaneaus recovery was 
evident first in the diaphragm. There was a 
correlation between the time of spontaneous 
reappearance of twitch in the diaphragm and in 
the adductor pollicis only in the patients who 
received pancuronium {r = 0.97, P < 0.05 for 
reappearance of the first twitch of the train-of- 
four of each muscle). The duration of paralysis in 
the diaphragm was less than 5min in five 
patients who received tubocurarine and in one 
who received alcuronium, this corresponded to a 
period of paralysis in the adductor pollicis muscle 
of more than 25 min in each case. 


KEY WORDS 


Monitoring. neuromuscular function Neuromuscular re- 
laxants alcuronium, pancuronium, tubocurarine. 


We have reported previously [1] the time course 
of neuromuscular block in the diaphragm and the 
adductor pollicis muscle of healthy patients after 
administration of clinical doses of atracurium and 
vecuronium. Both the onset of paralysis and the 
reappearance of twitch occurred in the diaphragm 
before the adductor pollicis muscle. The method 
used was described and validated in an ac- 
companying paper [2]. 

Evoked tests of neuromuscular block are most 


appropriate for use during and after surgery, as 
the quality of voluntary co-operation may be 
variable. It is important that the same nerve 
stimulating techniques are used if different mus- 
cles are compared because stimulation with needle 
electrodes reveals a magnitude of block different 
from that obtained by stimulation with trans- 
cutaneous electrodes [3]. In addition, the same 
index of muscle response should be compared [4]. 
No data are available comparing the effects of 
clinical doses of the longer acting neuromuscular 
blocking drugs on the diaphragm and the adductor 
pollicis muscles using the same mode of stimu- 
lation and recording a similar index of muscle 
response in anaesthetized patients. The present 
study was undertaken to compare the onset and 
recovery of neuromuscular block in the adductor 
pollicis and the diaphragm after administration of 
tubocurarine, pancuronium and alcuronium. 


PATIENTS AND METHODS 


The study was approved by the local Ethics 
Committee and each subject gave full informed 
consent. We studied 30 patients, ASA I or II, 
undergoing surgery for varicose veins. Patients 
with pacemakers and those who were obese were 
excluded from the study. Each patient was 
allocated randomly to receive tubocurarine 0.4— 
0.5 mg kg! (group 1,” = 10), pancuronium 0.07-— 
0.08 mg kg"! (group 2, n= 10) or alcuronium 
0.2-0.3 mg kg™ (group 3, n = 10). 

The anaesthetic technique was standardized: 
induction with thiopentone and tracheal intu- 
bation after administration of suxamethonium 
1-1.5 mg kg; the patients breathed halothane 


M. CLARE DERRINGTON, M.B., CH.B., F.F.A.R.C.S., NAINA 


HINDOCHA, H.N.C.; University Department of Anaesthesia, 
Leicester Royal Infirmary, Leicester LE] SWW. Accepted for 
Publication: Auguat 18, 1989 








NEUROMUSCULAR BLOCK OF DIAPHRAGM AND HAND 295 
TABLE I. Details of patents in the study: age, sex, weight, premedication, mtraoperatwe opioid, 
neuromuscular blocking (NMB) drug given and dose, height of control diaphragm tuntch (Pdi) and side of 
the phremc stumulation. D = diazepam; F = fentanyl; H = hyoscine; M = morphine; P= 

papaveretum ; T = temazepam 
Age Weight Pre- Pdi Side of 

No. (yr) Sex (kg) med. Opioid NMB (cm H,O) stm. 
1 4 M 60 P+H == 'Fubocuranne 30 mg 12.4 E 
2 ål M 90 T P Tubocurarine 40 mg 10.0 L 
3 54 M 70 D F Tubocurarine 35 mg 10.0 Ay 
4 54 F 50 T F Tubocurarıne 25 mg 12.5 R 
5 4 M 70 mme P Tubocurarine 35 mg 12.5 L 
6 45 F 65 T F Tubocurarine 30 mg 11.8 L 
7 31 F 50 D M Tubocurarıne 25 mg 12.6 LE 
8 37 M 73 P — Tubocurarine 35 mg 16.1 L 
9 40 M 127 P — Tubocurarine 50 mg 12.2 L 
10 24 F 60 T M Tubocurarıne 25 mg 15,3 L 
11 56 F 66 T P Pancuronium 5.5 mg 11.6 R 
12 56 F 60 T F Pancuronium 5.0 mg 9.6 E 
13 60 F 66 2% F Pancuromum 5.0 mg 11.0 L 
14 43 F 65 P+H — Pancuronium 5.0 mg 119 L 
15 35 F 50 T P Pancuronium 4.0 mg 9.4 L 
16 400 M 95 P — Pancuromum 7.0 mg 9.6 L 
17 17 EF 50 T P Pancuronium 4.0 mg 10.0 L 
18 57 M 85 P — Pancuronium 6,0 mg 10.5 L 
19 48 F 73 meme F Pancuronium 6.0 mg 12.7 L 
20 35 F 55 D M Pancuronium 4.5 mg 9.2 L 
21 2 M 102 D P Alcuronium 25.0 mg 10.0 G 
22 36 F 80 D F Alcuronium 15.0 mg 12.2 L 
23 59 E 70 D M Alcuronium 15.0 mg 9.5 L 
24 42 F 80 T Pp Alcuronium 15.0 mg 9,2 L 
25 400 F 62 T P Alcuromum 15.0 mg 16.8 L 
26 58 F 42 T F Alcuronium 12.5 mg 11.8 L 
27 55 M 92 D M Alcuronium 22.5 mg 12.8 L 
28 46 M 78 D M Alcuronium 18.75 mg 10.0 L 
29 46 F 60 P — Alcuronium 12.5 mg 12.1 L 
30 455 M 89 D P Alcuronium 17.5 mg 10.0 L 

and 66% nitrous oxide in oxygen, and opioids pressure, oesophageal pressure, transdia- 


were given as required. The drugs used for 
premedication and analgesia are shown in table I. 

Evoked twitch in the diaphragm was recorded 
using the method adapted and validated for use 
during anaesthesia and surgery by Derrington 
and Hindocha [2]. In summary, the pressure 
generated by the diaphragm (transdiaphragmatic 
pressure (Pdi)) was measured after unilateral 
phrenic nerve stimulation. Oesophageal and gas- 
tric balloons connected to identical pressure 
transducers (Elcomatic 751A) were used to meas- 
ure the respective pressures on each side of the 
diaphragm and an abdominal strain gauge was 
used to monitor diaphragm configuration. The 
phrenic nerve was stimulated transcutaneously 
with a hand-held stimulating electrode. The 
Myograph 2000 (Biometer) [5] was used to evoke 
and record adductor pollicis twitch. Gastric 


phragmatic pressure (by electronic subtraction) 
and abdominal strain gauge and Myograph out- 
puts were displayed simultaneously on a chart 
recorder. Supramaximal stimulation of both ulnar 
and phrenic nerves was performed at a frequency 
of 1 Hz over several breaths to obtain contro] Pdi 
values, which were measured at resting and 
expiration. The neuromuscular blocker drug was 
administered and onset of neuromuscular block 
was taken as the time of disappearance of twitch 
during supramaximal stimulation at a frequency 
of 1 Hz. Ventilation of the lungs was continued 
using a Brompton Manley ventilator and a fresh 
gas flow of 100 ml kg min™! and the inspired 
concentration of halothane was reduced. 
Spontaneous recovery of each muscle was 
recorded using train-of-four (TOF) stimulation at 
a frequency of 2 Hz every 10s. The time of 
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Fic. 1. Relationship between time to spontaneous reappearance of first twitch of the train-of-four (T1) 

of adductor pollicis, and time of reappearance of T1 diaphragm (()) and time of 50% recovery of TI 

diaphragm (D,,, W) after administration of tubocurarine 0.4-0.5 mg kg™!, pancuronium 0.07-0.08 mg 
kg! and alcuronium 0.2—0.3 mg kg}. 


spontaneous reappearance of the first twitch of the 
TOF (T1) was recorded in all patients for both 
the diaphragm and adductor pollicis muscles. The 
time to reappearance of the fourth twitch (T4) of 
the TOF was recorded for the diaphragm in all 
patients and in adductor pollicis when operating 
time allowed. The time at which the first twitch of 
the TOF of the diaphragm (T1,) reached 50% of 
its control height (D,,) was recorded also. All data 
were collected before antagonism of neuromuscu- 
lar block and anaesthesia was not prolonged 
unnecessarily. If surgery was completed before 
spontaneous recovery of meuromuscular block, 
the patient was excluded from the study. 


RESULTS 


Demographic data for patients are shown in table 
I with the drug and dose administered and control 
transdiaphragmatic twitch pressures. 

The results for all patients are displayed in table 
II. The time to reappearance of T1, and to 50% 
recovery of the diaphragm (D,,) are recorded for 
each drug against the time to reappearance of the 
first twitch of the TOF of adductor pollicis (T1,,) 
in figure 1. Onset of paralysis in the diaphragm 
preceded that in adductor pollicis in all patients. 
Spontaneous reappearance of T1, occurred in all 
patients before there was evidence of recovery in 
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TABLE II. Tyme of onset and recovery of neuromuscular block (NMB) after tubocurarme 0.4-0.5 mg kg! 
(group I), pancuronium 0.07-0.8 mg kg! (group 2) and alcuromum 0.2-0.3 mg kg (group 3) in 
diaphragm (D) and ın adductor polias (AP). For onset of block, time of disappearance of tuntch with 
simulation at a frequency of 1 Hz ıs recorded. The times of reappearance of first (TD and fourth (T4) 
twitches of the train-of-four and the time when TI of the diaphragm reached 50% of control (D,a) are 








also shown 
Time to onset Time to recovery 
of NMB (min) from NMB (min) 
D AP Tlp T4, Dao Tis Téir 
Tubocurarine 
l 1.7 1.9 2.4 16.4 18.9 30.3 513 
2 0.7 1.2 35.7 40.5 39.7 38.6 557 
3 09 0.9 24.6 40.9 43.5 57.0 
4 1.0 1.4 13.7 21.8 24.1 22.4 36 4 
5 0.8 1.1 3.9 15.8 19.0 44.7 
6 1.0 1.4 7.4 19.2 23.9 30.9 58.1 
7 0.8 1.1 2.4 10.8 19.9 31.4 
8 0.9 1.3 3.9 12.5 14.8 30 0 50.2 
9 0.9 1.6 19.9 33.8 32.3 356 63.6 
10 0.8 1.1 2.9 13.9 20.2 28.0 49.6 
Mean 0.9 1.3 11.7 22.6 25.6 34.9 52.1 
SD 0.3 0.3 11.6 11.6 9,6 9.9 8.5 
Pancuronium 
11 0.8 0.9 21.5 38.9 38.9 48.5 
12 1.0 1.3 19.9 30.6 36.9 46.5 
13 1.0 1.3 22.2 28.8 34.4 47.4 70.3 
14 0.8 1.3 13.1 25.4 23.8 37.9 
15 0.9 15 9.0 20.4 22.3 33.1 48.0 
16 1.4 1.9 17,3 27.4 23.9 39.8 56.0 
17 1.0 1.5 14.9 24.7 25.7 34.7 472 
18 1.1 1.2 30.2 48.6 50.7 55.2 
19 0.8 1.1 30.2 44.8 49.7 54.3 77.7 
20 1.0 1.3 25.0 40.5 35.1 49.8 
Mean 1.0 1.3 20.3 33.0 34.1 44.7 59.8 
SD 0.2 0.3 7.0 9,5 10.4 7.9 13.6 
Alcuronium 
21 0.8 1.6 8.9 22.7 20.2 45.5 
22 0.7 1.0 17.4 26.5 28.4 28.2 46.7 
23 0.8 1.0 32.7 39,3 39.8 49.0 59 9 
24 0.6 0.9 18.0 31.6 30.6 55.1 
25 0.5 0.9 11.8 30.3 37.2 41.4 66.7 
26 1.3 1.8 3.4 16.0 19.1 27.0 39.9 
27 0.6 1.0 15.9 30.6 30.6 47.7 
28 0,9 1.3 32.1 53.3 64.4 46.7 82.6 
29 1.0 1.4 147 30.6 31.1 34.7 57.9 
30 0.9 1.9 12.2 29.9 22.5 27.4 50.3 
Mean 0.8 1.3 16.7 31.1 32.4 40.3 57.7 
SD 0.2 0.4 9.3 9.9 13.1 10.2 141 


adductor pollicis. In five patients in group 1 
(tubocurarine) and one in group 3 (alcuronium) 
this period of diaphragm paralysis was less than 
5 min. In these patients, there was no evidence of 
neuromuscular transmission in adductor pollicis 
muscle for more than 25 min (range 27—44 min). 
'. The mean difference between reappearance 
of twitch in the two muscles was 23.2 min 


(95% confidence intervals (95%CI) +0.6 to 
+45.8 min) after tubocurarine, 24.4 min (95% 
CI +20.4 to +28.4 min) after pancuronium and 
23.6 min (95% CI +4.4 to +42.8 min) after 
alcuronium. The mean difference between 50% 
recovery of Tip and reappearance of adductor 
pollicis twitch was 9.2 min (95% CI —7.2 to 
+25.7 min) after tubocurarine, 10.6 min (95% 
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CI +2.6 to +18.6 min) after pancuronium and 
7.9 min 95%CI —17.3 to +33.1 min) after 
alcuronium. 

In the pancuronium group there was a linear 
relationship between the reappearance of (T1,,) 
and both the time of reappearance of Tl, 
(correlation coefficient 0.97) and the time of 50% 
recovery of Tlp (correlation coefficient 0.94). 
There was no linear correlation between recovery 
of neuromuscular transmission in the two muscles 
after administration of either tubocurarine or 
alcuronium. 


DISCUSSION 


We have investigated the relationship between 
neuromuscular block in adductor pollicis and in 
the diaphragm after the administration of clinical 
doses of the three longer acting neuromuscular 
blocking drugs in common clinical use. Dem- 
onstration of a correlation between durations of 
action of the drugs in the two muscle groups 
would allow inference of the state of neuro- 
muscular block as derived from monitoring of the 
more accessible muscle, the adductor pollicis, to 
be extrapolated to the diaphragm. 

In all cases, the onset of neuromuscular block 
occurred in the diaphragm before adductor pol- 
licis, and spontaneous recovery always occurred 
first in the diaphragm. Only in the patients who 
received pancuronium was there any correlation 
between the time of spontaneous reappearance of 
twitch in the diaphragm and in the adductor 
pollicis. In five patients who received tubo- 
curarine and one who received alcuronium, the 
duration of paralysis in the diaphragm was less 
than 5 min. In each of these patients a period of 
more than 25 min elapsed before there was any 
response to TOF stimulation of the ulnar nerve. 

We recorded the time to reappearance of twitch 
in the two muscles, and the time to 50 % recovery 
of twitch in the diaphragm. It may be argued that 
other variables such as the time to 10% recovery 
of twitch height in each muscle or the time 
between this and 50% recovery of twitch height 
would be more appropriate. However, the re- 
covery times were so long for the adductor pollicis 
muscle that this proved impossible. In addition, 
the return of the first twitch of the TOF is judged 
more easily in clinical practice than are the other 
recovery indices. 

Other limitations of the technique used here 
were discussed in detail elsewhere [1, 2]. They 
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include the assumption that the Pdi generated by 
supramaximal phrenic stimulation is equivalent to 
and thus comparable to adductor pollicis twitch 
generated by supramaximal ulnar nerve stimu- 
lation, the use of halothane for maintaining 
anaesthesia, and the prior administration of 
suxamethonium to facilitate tracheal intubation. 

Our present results suggest that onset of 
neuromuscular block can always be assumed to 
have occurred in the diaphragm when it is 
demonstrable in the adductor pollicis muscle. 
This has been described before and attributed to 
the increased blood flow to the diaphragm or to a 
differing muscle structure allowing better access 
of the myoneural blocker to the motor endplates 
in the diaphragm [6]. 

Because of direct stimulation of the diaphragm 
by the surgeon and by irritant fluids such as 
blood, upper abdominal surgery requires a greater 
degree of diaphragm paralysis. However, moni- 
toring of adductor pollicis twitch may not permit 
maintenance of paralysis in the diaphragm. Our 
results suggest that tubocurarine may be the least 
useful drug in this context; in many patients its 
action on the diaphragm was very short. 

Conclusions from studies such as this, with 
small numbers of patients, must be tentative and 
may not be applicable to the elderly or to patients 
with respiratory muscle disorders. However, the 
monitoring of neuromuscular block in adductor 
pollicis appears to be useful in determining when 
tracheal intubation may be performed without the 
risk of coughing or of muscle movement. The 
pattern of recovery of diaphragm twitch to 
approximately 50% of control when adductor 
pollicis twitch was just discernible was seen in all 
patients except one given alcuronium. In this 
patient a further 20 min elapsed before diaphragm 
twitch height recovered to 50% of control. A 
similar phenomenon (prolonged recovery phase 
following the initial reappearance of a muscle 
response) has been noted in adductor pollicis after 
administration of alcuronium [7]. 

The problems of residual neuromuscular block 
and how best to assess a patient’s recovery from 
muscle relaxant drugs have been the subjects of 
recent editorial comment [8]. There is debate on 
which muscles should be assessed to ensure 
patient safety. 

Recovery of the diaphragm from the effects of 
neuromuscular block is important for both ad- 
equate coughing and maintenance of alveolar 
ventilation. Under normal conditions, and in a 
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healthy patient without pre-existing lung disease, 
a vital capacity manoeuvre can be undertaken 
with less than 30% of maximum diaphragm 
strength. However, Dodgson, Knill and Clement 
[9] have suggested that large increases in upper 
airway resistance may occur after operation 
because of residual neuromuscular block; to 
overcome this would require greater reserves of 
diaphragm strength. Complete diaphragm re- 
covery may be important therefore, and the ability 
to maintain adequate tidal volume, vital capacity 
or arterial carbon dioxide tension may not be the 
best criteria to ensure patient safety in the absence 
of constant observation. Pavlin and colleagues 
[10] have suggested that the ability to raise the 
head off a pillow for 5s confirmed the ability to 
perform manoeuvres which protect the airway 
from obstruction and aspiration. They demons- 
trated that the muscles of the upper airway are 
among the most sensitive to residual neuro- 
muscular block. 
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EDROPHONIUM ANTAGONISM OF ATRACURIUM DURING 


ENFLURANE ANAESTHESIA 


S. S. GILL, D. R. BEVAN AND F. DONATI 


SUMMARY 


To determine the influence of enflurane on the 
ability of edrophonium to antagonize atra- 
curium block, dose-response curves were con- 
structed for edrophonium in the presence of 0%, 
1% and 2% enflurane, and for 2% enflurane 
discontinued at the time of administration of 
edrophonium. One hundred ASA Physical Status 
I or Il patients (four groups of 25), selected 
randomly and undergoing elective surgery, 
received atracurium 0.5mgkg"', with thio- 
pentone, nitrous oxide and enflurane. Supple- 
mentary doses of fentany! were given if needed. 
Train-of-four (TOF) stimulation was applied 
every 12 s, and the force of contraction of the 
adductor pollicis muscle was recorded. When 
first twitch height (T1) had recovered spon- 
taneously to 10% of initial value, edrophonium 
0.1, 0.2, 0.4 or 1 mg kg* was administered by 
random allocation. Enflurane concentrations 
remained constant, except that enflurane was 
discontinued in 50% of the patients who had 
received 2% enflurane. Monitoring was con- 
tinued for at least 10 min, at which time T1 and 
TOF ratio (T4/T1) were measured. The ED g for 
T1 recovery depended on the dose of enflurane: 
0.08 (SEMO0.03), 0.27 (0.06) and 042 
(0.18) mg kg" for 0%, 1% and 2% enflurane, 
respectively (P < 0.005). With enflurane 2% 
discontinued, the EDs was 0.095 (0.050) mg 
kg’ (P < 0.02 compared with 2% enflurane). 
The EDs for TOF responses were 0.13 (0.05), 
0.46 (0.10) and 1.04 (0.38) mg kg! for 0%, 1% 
and 2% enflurane, respectively (P < 0.007). 
With 2% enflurane discontinued, the EDs, for 
TOF was 0.17 (0.72) mg kg’ (P < 0.05 com- 
pared with 2% enflurane). It is concluded that, 
even when given at the same degree of spon- 
taneous recovery, the effect of edrophonium is 
markedly attenuated by enflurane. 
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Inhalation agents potentiate the effect of non- 
depolarizing neuromuscular blocking drugs. In 
this respect, enflurane appears to be more potent 
than either halothane or isoflurane [1-4]. Two 
studies [5,6] examined the influence of the 
inhalation anaesthetic used during antagonism of 
neuromuscular block. In both cases, neostigmine- 
assisted antagonism was found to be delayed in 
the presence of enflurane. However, these studies 
involved only one dose of the antagonist drug, and 
one concentration of enflurane. Furthermore, the 
effect of reducing the end-tidal concentration of 
inhalation agents as the antagonist drug is given, 
as commonly happens in clinical practice, has not 
been evaluated. In addition, none of the previous 
studies [5,6] has dealt with the effect of edro- 
phonium. 

The purpose of this study was to determine the 
effect of enflurane on edrophonium-assisted re- 
covery of atracurium-induced neuromuscular 
block. Several doses of edrophonium were given to 
establish dose-response relationships for the drug. 
These were constructed in the presence of 0%, 
1% and 2% enflurane end-tidal. An additional 
group had 2 % enflurane end-tidal discontinued at 
the time of administration of edrophonium. 
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ENFLURANE AND EDROPHONIUM ANTAGONISM 


PATIENTS AND METHODS 


After approval by the Hospital Ethics Committee, 
100 patients, ASA Physical Status I or II, were 
studied during various elective surgical pro- 
cedures of at least 60 min duration. Patients with 
hepatic, renal or neuromuscular disease were 
excluded, as were those with electrolyte abnor- 
malities, those taking medication Known or sus- 
pected to interfere with neuromuscular function 
and those in whom blood loss exceeded 500 ml. 
Premedication with atropine 0.006—0.01 mg kg"! 
or glycopyrrolate 0.003—0.005 mg kg!, and mor- 
phine 0.1 mg kg or pethidine 1 mg kg", was 
given i.m. 1 h before the scheduled start of the 
surgical procedure. 

On arrival in the operating room, the patient’s 
ECG and arterial pressure were monitored. 
Anaesthesia was induced with thiopentone 
3—5 mg kg}. The ulnar nerve was stimulated 
supramaximally at the elbow with square-wave 
pulses of 0.2 ms duration, delivered at a frequency 
of 2 Hz for 2s (TOF) and repeated every 12s. 
The hand and forearm were immobilized in a 
splint and the force of contraction of the adductor 
pollicis muscle was measured with a force dis- 
placement transducer (Grass FT-10) and re- 
corded. A baseline was established after induction 
of anaesthesia, while the patient’s lungs were 
ventilated manually via a mask. Atracurium 0.5 
mg kg, was given i.v. as a single bolus and 
intubation of the trachea was accomplished when 
maximal neuromuscular block had been achieved. 

The patients were allocated randomly to four 
groups of 25, each group being subdivided into 
five subgroups of five. In group 1, anaesthesia was 
maintained with 70% nitrous oxide and fentanyl 
5-10 ug kg? given at induction of anaesthesia, 
followed by 1-2 pg kg increments as required. 
In group 2, 70% nitrous oxide was supplemented 
with 1% enflurane end-tidal, as measured by 
mass spectrometry. In group 3, 2% enflurane 
end-tidal was given in oxygen. In group 4, 2% 
enflurane end-tidal was given (as in group 3), but 
enflurane was discontinued at the time of ad- 
ministration of edrophonium. In all groups, 
mechanical ventilation utilized a circle system and 
carbon dioxide absorber. The fresh gas flow rate 
was 1-2 litre min™!t, frequency of ventilation 
10 b.p.m., and tidal volume adjusted so that the 
measured end-tidal carbon dioxide was main- 
tained in the range 44.7 kPa. Incremental doses 
of atracurium 0.1 mg kg™! were administered if 
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the first twitch height (T1) recovered to 10% 
before surgery was completed. 

At the end of surgery, when T1 had recovered 
to 10% of initial value, edrophonium 0, 0.1, 0.2, 
0.4 or 1 mg kg™! was given randomly with atropine 
0.3-1.2 mg. Five patients received each dose of 
edrophonium in each group. No further edro- 
phonium was given for at least 10 min. In groups 
1-3, the end-tidal enflurane concentration was 
kept constant. In group 4, the inspired enflurane 
concentration was decreased to 0%, and a fresh 
gas flow of at least 100 ml kg"! min™ was given. 
After 10 min, an additional dose of edrophonium 
was given if required to bring the TOF ratio 
(T4/T1) to at least 0.7. 

Dose-response curves for overall recovery were 
constructed using T1 and 14/T1 measured 10 
min after administration of edrophonium. The 
logit transformation of T1 and T4/T1 was plotted 
against the logarithm of the dose [7]. The dose of 
edrophonium required to produce 80% recovery 
of T1 (ED,,,;T1) was derived for each concen- 
tration of enflurane. Similarly, dose-response 
relationships involving T4/T1 were derived, and 
the dose required to produce 50% T4/T1 
(EDs T4/T1) was calculated for each concen- 
tration of enflurane. The standard error of 
estimate for the mean [8] was used as an index of 
dispersion. 

Dose-response relationships were used also to 
estimate the effect of edrophonium 0.5 mg kg“, 
10 min after its administration, on T1 and T4/T1, 
for the various concentrations of enflurane. Unless 
otherwise specified, the results are expressed as 
means (standard error of estimate for the mean 
(SEE) [8]. The effect of enflurane was evaluated 
by plotting a measure of edrophonium effect 
(ŒD T1 or ED,.,T4/T1) against dose of 
enflurane. Linear regressions were used in this 
case. The effect of discontinuing 2% enflurane 
was compared with that of maintaining this 
concentration constant, using a Student’s ¢ test. 
P<0.05 was assumed to indicate statistically 
significant differences. 


RESULTS 


We studied 39 males and 61 females. The mean 
(SD) age was 45.5 (16.5) yr and mean (SD) weight 
was 70.1 (15.5) kg. All groups were comparable 
(table I). Cardiovascular variables remained with- 
in normal limits during anaesthesia. In particular, 
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TABLE I. Demographic data 

Enflurane Age (yr) Weight (kg) 

concn (%) Sex(M/F) (mean (sD)) (mean (SD)) 
0 8/17 44,3 (3.0) 76.8 (3.8) 
1 9/16 50.4 (2.9) 69.4 (2.3) 
2 11/14 40.6 (3.3) 67.6 (3.0) 
20 11/14 46.9 (3.8) 66.7 (2 9) 


systolic arterial pressure did not decrease to less 
than 100 mm Hg in any patient. 

The time from first injection of atracurium to 
10% T1 recovery increased with administration 
of greater concentrations of enflurane. This 
interval was 41.8 (1.6), 44.4 (1.8) and 46.4 (1.4) 
min for enflurane concentrations of 0%, 1% and 
2% (P < 0.05) by linear regression. For the 
purpose of these calculations, both groups which 
received 2% enflurane were amalgamated. 

Because of additional doses given in some 
patients, mean total dose was 0.67 mg kg™! (range 
0.5-1.1 mg kg). The mean time between ad- 
ministration of the first dose of atracurium and 
injection of edrophonium was 67 min. 

In the absence of edrophonium, T1 recovery 
was affected by the enflurane concentration (table 
II). For example, with 0% enflurane, T1 was 41 
(2.3)% 10 min after it had reached 10%. In the 
presence of 2% enflurane, the T1 value reached 
only 29 (3.45% (P < 0.01). Recovery of TI 
appeared greater if 2% enflurane was dis- 
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Fig. 1. Relationship between T1 (height of first twitch) on the 

logit scale and log of edrophonium dose, 10 min after ad- 

ministration of edrophonium, for enflurane 0% ( Ae ey 

(umm), 2%, (——-) (end-tidal concentrations), and 2% 

discontinued at the ome of administration of edrophonium 
(---). Standard errors are omitted for clarity. 





continued, but the difference was not significant 
(table II). The effect appeared qualitatively 
similar on T4/T1 (table III), but the differences 
were not significant. 

At all doses, recovery of T1 and T4/TI 
decreased with increasing concentrations of en- 
flurane, and this effect was reduced by discon- 
tinuation of enflurane (tables IJ, III). This can be 
demonstrated in the dose-response curves for first 


TABLE II. Effect (%, mean (SEE)) of edrophomum on T1, 10 mn after administration to patients rece1oing 
one of four dose regimens of enflurane 


Dose of edrophonium (mg kg~!) 


TABLE III. Effect (%, mean (SEB)) of edrophomum on T4/T1, 10 mm after admumstration to parents 


Enfturane 

concn (%) 0 0.1 
0 41.0 (2.3) 78.4 (2.0) 
l 33 6 (3.9) 59.6 (5.3) 
2 28.0 (3.4) 52.8 (10.3) 
2-+0 40.4 (5.7) 79.6 (5.2) 


02 0.4 1.0 
84.8 (6.3) 93.4 (4.3) 94.8 (2.2) 
75.6 (3.4) 91.2 (3.3) 90.0 (3.1) 
65 8 (8.9) 79.4 (4.6) 86.2 (3.2) 
83.8 (1.7)  82.0(7.1) 88.4 (51) 


receiving one of four dose regimens of enflurane 


Dose of edrophonium (mg kg~*) 


Enfiurane 

conen (%) 0 0.1 
0 12.6 (4.5) 47,2 (3.0) 
l 12.0 (2.4) 23.8 (4.6) 
2 8.0 (4.6) 23.8 (1.2) 
2-40 1 8 (2.7) 40.4 (2.2) 


0.2 0.4 10 
54.0 (5.7)  64.4(3.6) 72.8 (4.4) 
33.8 (4.2)  $4.4(7.5) 60.4 (3.7) 
28.6 (2.3)  35.6(5.6) 51.6 (5.4) 
54.8 (4.9)  64.2(4.2) 60.6 (4.5) 
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Fic. 2. Relationship between T4/T1 (train-of-four ratio) on 
the logit scale and log of edrophonium dose, 10 min after ad- 
ministration of edrophonium, for enflurane 0% ( ), 1% 
(——-), 2% (—~) (end-tidal concentrations), and 2% discon- 
tinued at the time of administration of edrophonium (---). 
Standard errors are omutted for the sake of clarity. 
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Fic. 3. Expected effect of edrophonium 0.5 mg kg“! on T1 

(first twitch height) 10 mun after its administration, according 

to dose of enflurane (0%, 1%, 2% or 2% end-tidal dis- 
continued). 


ENF 2 


twitch height, as shown in figure 1. The ED,,, T1, 
10 min after administration of edrophonium were 
0.08 (0.03), 0.21 (0.06) and 0.42 (0.18) mg kg, 
for0%,1% and 2% enflurane, respectively (P < 
0.005). With 2% enflurane discontinued, the 
dose-response curve was flatter. The ED, was 
0.095 (0.050) (P < 0.02 compared with main- 
tenance of 2% enflurane). The dose-response 
relationships for T4/T1l 10min after edro- 
phonium was given are shown in figure 2. In this 
case, the ED,, values were 0.13 (0.05), 0.46 (0.10) 
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Fic. 4. Expected effect of edrophonium 0.5 mg kg™ on T4/ 

T1 (train-of-four rano) 10 min after administration, accord- 

ing to dose of enflurane (0%, 1%, 2% or 2% end-tidal dis- 
continued). 


and 1.04 (0.38) mg kg", for 0%, 1% and 2% 
enflurane, respectively (P < 0.001). With 2% 
enflurane discontinued, the ED,, was 0.17 (0.12) 
mg kg! (P < 0.01 compared with 2 % enflurane). 

The expected effect of edrophonium 0.5 mg 
kg"! was calculated for the various groups from 
the dose-response relationships (figs 3, 4). After 
10 min, T1 was expected to be (mean (SEE)) 96 
(1)%, 90 (2) &% and 82 (3) % for 0%, 1% and 2% 
enflurane, respectively (P < 0.0005 by linear re- 
gression). With 2% enflurane discontinued, T1 
was expected to reach 91 (2)% (P < 0.02 com- 
pared with no discontinuation of 2% enflurane). 
The expected T4/T1 values were 66 (2)%, 52 
(3)% and 40 (2)%, for 0%, 1% and 2% 
enflurane, respectively (P < 0.00001). If enflurane 
was discontinued, T'4/T1 was calculated to be 60 
(6)% (P<0.01 compared with 2% enflurane 
continued). 


DISCUSSION 


This study has demonstrated that, when edro- 
phonium is used to antagonize atracurium neuro- 
muscular block, the residual concentration of 
enflurane is important. When 2% enflurane end- 
tidal was used, five times as much edrophonium 
was required to obtain T1 = 80% within 10 min 
than if no enflurane had been used. The effect on 
T4/T1 was even more pronounced. To achieve 
T4/T1 =50% within 10min, eight times as 
much edrophonium had to be given with 2% 
compared with 0% enflurane end-tidal, even 
though all patients received edrophonium at the 
same degree of neuromuscular block. However, 
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the effect of 2% enflurane could be diminished by 
decreasing its inspired concentration at the time 
of administration of edrophonium. The effect of 
this manoeuvre was variable and recovery was not 
as good as in patients who did not receive 
enflurane. 

The study is in agreement with previous work 
in which the dose-response relationship for 
edrophonium was found to be relatively flat 
[9-11]. This probably accounts for the wide 
discrepancies in the ED,,, T1 and ED,,,T4/T1 
with and without enflurane. For example, al- 
though five times as much edrophonium was 
required with 2% enflurane compared with 0% 
to obtain T1 = 80%, the administration of 0.5 mg 
kg“! was expected to yield T1 = 96% with 0% 
enflurane and Tl = 82% with 2% enflurane, a 
difference of only 14%. Similarly, although 
edrophonium was only 12.5% as potent in the 
presence of 2% enflurane, a dose of 0.5 mg kg? 
was expected to produce T4/T1 = 40%, com- 
pared with T4/T1 = 66% with 0% enflurane, a 
difference of only 26%. Such differences may be 
clinically significant. 

Surprisingly, 2% enflurane end-tidal, or ap- 
proximately 1.2 MAC [12], produced only a small 
prolongation of the duration of atracurium block, 
from 41.8 to 46.4 min. This suggests that en- 
flurane has little effect on atracurium block, at 
least during the first 30-45 min after the be- 
ginning of the administration of enflurane. Rupp, 
McChristian and Miller [13] found the ED,, of 
atracurium to be similar with enflurane and 
halothane anaesthesia, but the end-tidal con- 
centrations had been stable for only 30 min. 
Similarly, Goudsouzian and colleagues [3] found 
that the duration of action of atracurium 0.4 mg 
kg? was prolonged only slightly with nitrous 
oxide-enflurane compared with nitrous oxide- 
morphine. However, the effect of enflurane on 
atracurium block may be time dependent. In the 
present study, T1 recovery was slower in patients 
who received 2% enflurane compared with those 
who did not, in the absence of edrophontum. 
Similarly, Rupp’s group [13] found that, although 
the dose-response relationship of atracurium was 
unaltered by enflurane, its duration of action was 
prolonged. In children, the infusion rate to 
maintain neuromuscular block constant was found 
to be time dependent and decreased in the time 
interval 30-60 min after administration of en- 
flurane was started. These results are consistent 
with a time dependent increase in the degree of 
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potentiation of enflurane, a phenomenon which 
has also been suggested for tubocurarine block 
[14]. 

The time dependence of potentiation of en- 
flurane can explain, at least in part, the adverse 
effects of edrophonium on recovery of neuro- 
muscular function. Total recovery can be con- 
sidered as consisting of two parts: the effect of 
spontaneous recovery, associated with decreasing 
concentrations of the blocker, while elimination 
or redistribution takes place; and assisted re- 
covery, which is the added effect of the antagonist 
drug. When greater concentrations of enflurane 
are given, potentiation of neuromuscular block by 
the volatile agent increases in intensity with time 
as the antagonist drug is given. Thus although 
enflurane may not affect the disposition of the 
neuromuscular blocker (pharmacokinetics), it 
may affect the receptor at the neuromuscular 
Junction (pharmacodynamics). As a result, spon- 
taneous recovery 18 impaired and total recovery is 
less. 

Other results suggest that the effects of en- 
flurane are based not only on a time-dependent 
potentiation of atracurium block. Discontinuation 
of administration of enflurane tended to restore 
neuromuscular transmission to the state which 
would have prevailed in the absence of inhalation 
agent. Although the end-tidal concentration of 
enflurane decreased to 0.3-0.4 % after 10 min, it is 
probable that concentrations of enflurane at the 
neuromuscular junction were not affected greatly 
by this manoeuvre. Assuming a 40-min equi- 
libration half-time [14] of enflurane in muscle, 
which is consistent with the slow time course of 
enflurane potentiation of atracurium neuro- 
muscular block, it appears that discontinuation of 
enflurane would have led to a negligible decrease 
in muscle concentrations of enflurane. It is 
possible that some other factors may play a role, 
such as central influences. Catecholamines have 
been shown in animals to potentiate the effect of 
neostigmine [15], and the same could be true of 
edrophonium. In particular, light levels of an- 
aesthesia, which are associated with low con- 
centrations of end-tidal enflurane, could improve 
the degree of neuromuscular recovery. The varia- 
bility of response when 2% enflurane was dis- 
continued could result from the variability of this 
effect among patients. 

The predicted effect of edrophonium 0.5 mg 
kg~! reported here is consistent with that obtained 
in an earlier study [11]. With end-tidal enflurane 
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concentrations held at 0.5-1%, edrophonium 
0.5 mg kg™! was expected to produce 89 (2)% TI 
and 61 (3) % T4/T1 after 10 min. These values are 
close to those reported for 1° enflurane in this 
study—90 (2)% for T1 and 52 (3)% for T4/T1. 
It is possible that the same conclusions found here 
regarding edrophonium may apply also to neo- 
stigmine. In two studies, the effect of neostigmine 
was found to be impaired by the presence of 
enflurane [5,6]. The concentrations used were 
less than in the present study. It is also possible 
that neostigmine-assisted recovery might be im- 
proved by the discontinuation of enflurane. 
Clinically, the presence of increased con- 
centrations of enflurane should be expected to 
impair recovery. Discontinuation of enflurane 
when the antagonist drug is administered should 
improve recovery. However, total recovery should 
not be expected to be greater with discontinuation 
of enflurane compared with little or no inhalation 
agent. In this respect, our results contradict the 
suggestion that the potentiation of neuromuscular 
block by volatile agents “‘may provide additional 
safety for patients whose anaesthetic is one of the 
most potent muscle relaxants enhancing agents” 
[16]. For this reason, it appears prudent to plan 
antagonism of neuromuscular block at a greater 
degree of twitch height recovery when increased 
concentrations of enflurane are used. 
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RELATIONSHIP BETWEEN LOWER OESOPHAGEAL 
CONTRACTILITY AND TYPE OF SURGICAL 


STIMULATION 


D. I. THOMAS AND A. R. AITKENHEAD 


SUMMARY 


We have studied the effects of two discrete types 
of surgical stimulation on contractions in the 
lower oesophagus. Forty-four female patients 
undergoing either abdominal hysterectomy or 
varicose vein surgery were anaesthetized using a 
standard technique. The frequency of spon- 
taneous oesophageal contractions (SLOC) and 
amplitude of provoked contractions (PLOC) 
were greater in those patients undergoing 
hysterectomy. The oesophageal index (OCI), a 
single index combining both types of contrac- 
tions, was found also to relate to the nature of the 
surgical stimulus. 


KEY WORDS 
Anaesthesia * depth. Gastrointestinal tract: oesophagus, con- 
tractility 


The measurement of oesophageal contractions 
has been proposed as a monitor of adequacy of 
anaesthesia [1,2]. There are three discrete types 
of oesophageal contraction: primary, as initiated 
by swallowing; secondary, occurring in response 
to an intraluminal bolus of food, and which may 
be provoked artificially by inflation of a balloon in 
the oesophageal lumen; and tertiary contractions 
which occur spontaneously and serve no pro- 
pulsive function. 

Spontaneous oesophageal contractions are 
known to relate to stress in awake subjects [3, 4]. 
Lower oesophageal contractility has been studied 
during the administration of various concen- 
trations of volatile anaesthetic agents and sig- 
nificant relationships have been demonstrated 
between minimum alveolar concentration (MAC) 
and both frequency of spontaneous (or tertiary) 
and amplitude of provoked (or secondary) contrac- 


tions [2, 5, 6]. Significant correlations exist also 
between oesophageal contractility and clinical 
signs of light anaesthesia [2,7]. However, it is 
important to establish that a proposed monitor 
of anaesthetic depth is affected not only by 
anaesthetic drugs, but also by surgical stimulation. 

This study has attempted to identify the 
differences in contractions during two discrete 
types of surgical stimulus in patients anaesthetized 
using a standard technique. 


PATIENTS AND METHODS 


Following approval of this investigation by the 
local Ethics and Research committee, 44 female 
patients (ASA I or II) gave informed consent for 
the study. Twenty-two were undergoing varicose 
vein surgery and the same number abdominal 
hysterectomy. Records were made of age and 
weight of each patient. No patient was being 
treated with medication that might interfere with 
oesophageal contractility. 


Anaesthetic technique 


In each patient the same anaesthetist conducted 
the anaesthetic, while a second, who was not 
involved in the study and who was unable to see the 
display of the oesophageal contractility monitor, 
was asked to intervene and increase the con- 
centration of volatile agent if he thought that, 
clinically, the patient was inadequately anaes- 
thetized; in no patient was this found to be 
necessary. All patients were premedicated with 
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LOWER OESOPHAGEAL CONTRACTILITY 


temazepam 20 mg 1 h before proposed surgery. A 
l4- or 16-gauge cannula was inserted into a vein 
in the dorsum of the hand under local anaesthesia. 
Anaesthesia was induced with thiopentone 
5 mg kg* and morphine 10 mg. Neuromuscular 
block was achieved using vecuronium 
0.1 mg Kg" and the trachea was intubated. 

The lungs were ventilated with 70% nitrous 
oxide in oxygen and isoflurane was added to the 
inspired mixture to maintain an end-tidal con- 
centration of 0.5%, measured using the Datex 
Capnomac. Increments of the myoneural blocker 
(0.02 mg kg!) were administered on return of 
the second twitch of train-of-four stimulation of 
the ulnar nerve. In all patients the fresh gas flow 
was adjusted to maintain the end-tidal concen- 
tration of carbon dioxide at 4.0-5.0%. All 
patients were positioned with 15° of head-down 
tilt during surgery. 


Oesophageal monitoring 


Following incubation of the trachea, an oeso- 
phageal probe (which resembles a large-bore 
stomach tube) was inserted such that its distal end 
was positioned in the lower one-third of the 
oesophagus. The probe incorporates two bal- 
loons: the upper balloon was used to provoke 
secondary contractions by intermittent inflation 
with air; the distal balloon was filled with water 
and detected changes in intraluminal pressure 
corresponding to any oesophageal activity. The 
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probe was connected via a pressure transducer to 
the Lectron 301 oesophageal contractility monitor 
which displayed oesophageal act-vity on an os- 
cilloscope screen. A simultaneous copy was pro- 
duced on a two-channel chart recorder which 
records also the type of contracticn (provoked or 
spontaneous). 

At the end of the procedure, a printed record of 
the nature and timing of every contraction was 
produced. Data for analysis were taken directly 
from this printout, thus eliminat_ng any bias in 
interpretation of the original trace. 

The lower oesophageal contractility index 
(LOCI) was calculated from the formula [8]: 


LOCI = PLOC(mm Hg)+70 £LOC(min"™) 


Data were analysed using Stucent’s unpaired 
t test, Wilcoxon rank sum test or Wilcoxon signed 
rank test, as appropriate. 


RESULTS 


Analysis of patient data demonstrated no sig- 
nificant differences between the groups in respect 
of age, weight or steady state end-tidal con- 
centration of carbon dioxide (table I). Spon- 
taneous contraction frequency and provoked con- 
traction amplitude were analysed i2 5-min epochs 
from the time of incision. 

Figure 1 shows the frequency of spontaneous 
oesophageal contractions in the period before in- 
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Fic. 1. Mean (SEM) SLOC frequency (5 min7!) in the period before, and in 5-min epochs after incision. 
Significantly different for all post-incision values (P < 0.005). 
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‘TABLE I. Mean (SEM) values for data of patients undergotng 
varicose vem surgery (VV) or hysterectomy (Hy) 


Age Weight End-tidal 
(yr) (kg) CO, (%) 
VV 47.4(2.7)  64.3(2.3) 4.51 (0.069) 
Hy 43.9 (1.8) 65.6 (2.6) 4.44 (0,068) 
6 
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cision and in 5-min epochs following incision. All 
the values after incision were significantly greater 
(P < 0.005) in patients undergoing hysterectomy 
than in those undergoing vein surgery. There was 
a small but insignificant difference between the 
initial values. Changes relative to the baseline 
values before incision were significantly different 
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Fic. 2, Mean (SEM) change of SLOC frequency from the pre-incision values. Differences significant 
(P < 0.05) except at 5 and 45 min. 
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Fig 3. Mean (sM) PLOC amplitude ın the period before, and in 5-min epochs after incision. 
Differences significant for all post-incision values (P < 0.005 up to 25 min; P < 0.02 30-45 min). 
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Fic. 4. Mean LOCI (SEM) in 5-min epochs related to time of incision. Differences significant (P < 0.005) 
except for values at 40 min (P < 0.02). 


(P < 0.05) between groups in all epochs except 
those at 5 and 45 min (fig. 2). 

For provoked oesophageal contractions, mean 
amplitude values for the two groups were sig- 
nificantly different in all epochs following the 
time of incision (fig. 3). 

The lower oesophageal contractility index 
(LOCI) was calculated for each epoch in patients 
for varicose vein surgery and hysterectomy. The 
LOCI was significantly greater at all times in 
those patients undergoing hysterectomy (fig. 4). 

None of the patients had spontaneous recall of 
intraoperative events when questioned on the first 
day after operation. 


DISCUSSION 


This study has demonstrated differences in lower 
oesophageal activity between patients anaesthe- 
tized using the same technique for abdominal 
hysterectomy or varicose vein surgery. We have 
assumed that the degree of surgical stimulation 
was greater during hysterectomy than during 
varicose vein surgery. Most anaesthetists would 
agree that intra-abdominal procedures result in 
greater stimulation than do peripheral operations. 
However, we are unable to prove that stimulation 
was greater in that it would be more likely to 
result in awareness [9]. 

Differences in adrenaline, noradrenaline and 
cortisol hormonal responses have been demon- 


strated between severe, moderate and minimal 
stress surgical procedures [10]; hysterectomy was 
considered a “‘moderate stress’? procedure and 
varicose vein surgery minimally stressful accord- 
ing to the classification used by the authors of that 
report. It is not surprising that such a difference 
should exist, as pelvic surgery causes stimulation 
of autonomic afferent nerves in addition to somatic 
pain fibres from the skin and abdominal wall. 

The publication of data comparing oesophageal 
contractility during discrete surgical procedures 
[11] stimulated a retrospective review of the mean 
LOCI of 43 patients undergoing eight different 
operations [12]. Whilst failing to achieve statistical 
significance, the value of LOCI for those patients 
undergoing cholecystectomy was found to be 76 
compared with an LOCI of 29 for those under- 
going hernia repair. 

Previous studies have demonstrated a relation- 
ship between lower oesophageal contractility and 
MAC for halothane [2,5] and isoflurane [6] 
during anaesthesia for a variety of surgical 
procedures. Comparisons have been made also of 
oesophageal contractility with clinical signs of 
light anaesthesia such as tachycardia, increase in 
arterial pressure, lachrymation and increased 
sudomotor activity, and statistically significant 
correlations exist [2,7]. An increase in oeso- 
phageal activity in response to surgical stimulation 
has also been noted [2], but no previous controlled 
study to relate the two has been performed. 
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For logistical reasons, it was not possible in the 
present study to establish steady state conditions 
of anaesthesia before surgery started. The initial 
reduction in oesophageal contractility during 
operation in patients who underwent varicose 
vein surgery was probably caused by the in- 
creasing brain concentrations of morphine and 
equilibrium of isoflurane concentrations between 
blood and brain while a steady state was achieved. 
We believe that the tendency of these increasing 
drug concentrations to reduce oesophageal con- 
tracnlity was countered in the hysterectomy 
patients by a greater degree of afferent neural 
activity. 

The lower oesophageal contractility index 
(LOCI) is a derived value for oesophageal ac- 
tivity; the index was intended to incorporate 
information regarding both spontaneous and 
provoked activity in a ratio which ascribes equal 
numerical weight to each value [9]. The mean 
SLOC frequency and PLOC amplitude during 
the steady state administration of 1 MAC of 
halothane are 0.5 min™ and 35 mm Hg, respect- 
ively and therefore, in the calculation of LOCI, 
the value of SLOC frequency is multiplied by 70 
before addition to the PLOC amplitude value. 
The combinations of these two aspects of oeso- 
phageal contractility may improve the sensitivity 
of this form of monitoring. 

In common with previous work, the present 
study has highlighted the variation in oesophageal 
activity both within and between patients, in a 
manner which could prevent the information 
obtained from being predictive of inadequate 
anaesthesia for each individual. Consequently, 
oesophageal monitoring falls short of providing 
the “‘ideal”’ index of anaesthetic depth. 

The concept of adequacy of anaesthesia is of a 
balance between CNS depression caused by 
administration of anaesthetic drug and arousal 
caused by surgical stimulation. Any proposed 
monitor is therefore required to reflect both 
influences. It has been shown that the effect of 
anaesthesia upon the amplitude of cortical waves 
on the auditory evoked response (AER) is reversed 
partially by surgical stimulation in some patients 
[13]. However, AER information takes several 
minutes to produce and, even using a rolling 
average, the data obtained do not reflect the 
current cerebral state. Oesophageal contractility is 
shown to relate to both anaesthetic agents and 
surgical stimuli, and such a delay is not a feature 
of the spontaneous contractions. 
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Other important elements required of the 
theoretical ideal monitor of anaesthetic adequacy 
are that it be non-invasive, portable, inexpensive, 
reliable, and easy to use and interpret. The 
oesophageal contractility monitor possesses some 
of these desirable features but, as with all 
proposed monitors of anaesthetic depth, its evalu- 
ation is made difficult by the lack of a “gold 
standard ” for comparison. In the absence of other 
standards, any form of monitoring must be 
studied under conditions known to reflect 
adequacy of anaesthesia. 

We conclude that oesophageal contractility 
during anaesthesia is related certainly to the 
nature, and possibly to the intensity, of surgical 
stimulation. 
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VALIDATION OF A SYSTEM FOR MEASUREMENT OF 
METABOLIC GAS EXCHANGE DURING ANAESTHESIA 
WITH CONTROLLED VENTILATION IN AN OXYGEN 


CONSUMING LUNG MODEL 


K. L. SVENSSON, H. G. SONANDER AND O. STENQVIST 


SUMMARY 


An oxygen consuming lung model was used for 
evaluation and validation of a technique for 
metabolic gas exchange measurements during 
controlled ventilation. The technique comprised 
a Servo 900 C ventilator (Siemens) and separate 
oxygen and carbon dioxide analysers (Beck- 
man). Measurements of oxygen consumption 
and carbon dioxide production were made either 
by measuring inspired and expired ventilation 
and gas fractions in these volumes or by 
measuring gas fractions and calculating expired 
ventilation from inspired by transformation 
(Haldane). Irrespective of the Fio,, measured 
values correlated well with lung model settings: 
measured values were withint2% of simulated. 
When Haldane transformation was used with an 
Fip, of 0.5 there was a significant under- 
estimation of oxygen consumption. Carbon 
dioxide production values correlated well 
irrespective of the Fig, used or method of 
measurement of ventilation volume. Metabolic 
gas exchange measurements by measuring both 
inspired and expired ventilation volumes may be 
used when inert gases are not in equilibrium, for 
example during nitrous oxide anaesthesia. 


KEY WORDS 


Oxygen: consumption, measurement, uptake Measurement 
techniques metabolic gas exchange. 


Metabolic gas exchange may be measured by 
collection and analysis of expired gases in a gas 
tight bag [1]. Gas concentrations and volume are 
measured and oxygen consumption and carbon 
dioxide production derived from the expression: 


Vx = Vi: Fix— Ve- Fitx 


where Vx = exchange of the gas studied, oxygen 
or carbon dioxide; V1, VE = inspired and expired 
volume, respectively; FYx, Fx = fractions of 
inspired and expired gas, respectively, for the gas 
studied. Gas fractions may be measured by a 
variety of suitable instruments, but measurements 
of inspired and expired ventilation volumes pose 
great problems as inspired gas is dry, whereas 
expired gas is saturated with water vapour. 
During controlled ventilation, inspiration is a 
constant flow generated by the ventilator, whereas 
expiration decreases exponentially. Depending on 
total gas exchange and the relation of carbon 
dioxide output to oxygen consumption, the in- 
spired and expired gas volumes may differ by 
5-10 %. If there is no net exchange of inert gases, 
inspired or expired minute volume may be 
calculated from the other, assuming that inspired 
and expired nitrogen volumes are equal (Haldane 
transformation). This method of calculation may 
be used in a system that measures oxygen and 
carbon dioxide concentrations and one minute 
ventilation volume (inspired or expired). Most 
commercially available systems for measurements 
of metabolic gas exchange measure only inspired 
or expired minute ventilation volume and there- 
fore require zero net exchange of inert gas 
(nitrogen), which makes them suitable in critical 
care, but unsuitable during anaesthesia, because 
of uptake of nitrous oxide. During recent years, 
reliable and comparatively inexpensive in- 
struments have become available for analysis of 
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Fic. 1. Diagram of the oxygen consuming lung model (OCLM). 


oxygen and carbon dioxide during anaesthesia, 
together with mechanical ventilators equipped 
with flow meters for inspired, in addition to 
expired, gases. We have built a metabolic gas 
exchange meter comprising a Siemens—Elema 
Servo 900C ventilator for ventilation and 
measurements of inspiratory and expiratory gas 
volumes, a Beckman OM II for analysis of oxygen 
concentrations and a Beckman LB 2 for analysis 
of carbon dioxide concentrations. 

Validation of metabolic gas exchange meters 
has been undertaken hitherto in laboratory tests, 
where oxygen consumption has been mimicked by 
diluting the gas in the lung model with nitrogen to 
obtain a lower oxygen concentration of expired 
than inspired gas [2]. If a combination of nitrogen 
and carbon dioxide is used for dilution of the 
expired gas, not only is oxygen consumption 
mimicked, but also carbon dioxide excretion is 
achieved. 

We have developed a new method for validation 
and evaluation of metabolic gas exchange meters, 
where oxygen consumption is truly achieved, by 
burning hydrogen in a lung model giving water 
vapour as the sole end product. Carbon dioxide 
excretion is achieved by delivering carbon dioxide 
into the model [3]. With some minor modifi- 
cations, this hing model may be used for a step- 
wise evaluation and calibration of the different 
components of a metabolic gas exchange meter. 

The aims of the present study were to evaluate 


the performance of each component in a metabolic 
gas exchange meter for controlled ventilation 
during anaesthesia, and to validate the whole 
system in an oxygen consuming lung model. 


MATERIALS AND METHODS 


The lung model is based on combustion of 
hydrogen and an inflow of carbon dioxide via 
precision flow meters giving an adjustable oxygen 
consumption and carbon dioxide excretion, re- 
spectively (fig. 1). The formula for combustion of 
hydrogen is: 


2H, + O, a 2H,O 


If both gases are ideal, the molar reaction may be 
transformed to an equation with volume di- 
mensions: 


2 vols of H,+1 vol of O; 
=: 2 vols of H,O (vapour) 


Thus the burning of a volume of hydrogen results 
in the consumption of half that volume of oxygen 
under the formation of water vapour. By regu- 
lating the amount of hydrogen supplied via the 
flow meter, the oxygen consumption of the lung 
model can be controlled, and by regulating the 
carbon dioxide flow meter the output of carbon 
dioxide can be controlled. As the flow meters may 
be regulated independently, the respiratory quo- 
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tient, RQ, may be set at any desired level. (For 
further details see Appendix.) 


Modified lung model I (MLM I) 


The lung model could be used without com- 
bustion of hydrogen for dilution tests or as a lung 
model with neither oxygen consumption nor 
carbon dioxide output for zero gas exchange 
calibration. 


Modified lung model II (MLM II) 


The same as MLM I but, at the “mouth” end 
of the deadspace, a small circle was interposed 
with a Bennett Cascade Humidifier on the ex- 
piratory limb to give full saturation and a 
temperature of 35-37 °C of expiratory gas also 
when hydrogen was not burnt. 


The Metabolic Gas Exchange Meter, MGEM 


Oxygen was analysed by a Beckman OM II 
polarographic oxygen analyser and carbon dioxide 
by a Beckman LB 2 infra-red carbon dioxide 
analyser. The oxygen analyser had a response 
time of 100 ms, a resolution of 0.01% and an 
accuracy of 0.1% in the range 0-99% oxygen. 
The oxygen analyser was calibrated using air and 
a gas mixture in the vicinity of the area where tests 
were done: Fo, = 0.30 and FN, = 0.70 (Alfax, 
Medical Gas, Malmö, Sweden). In the test 
situation, the differences between inspiratory and 
mixed expiratory gas concentrations were below 
5% units, so that even if the linearity over the 
total measurement range were not perfect, it could 
be regarded as satisfactory for such a narrow 
range. The response time of 100 ms, according to 
the manufacturer, is well within the need of the 
MGEM,, for which the shortest period of measure- 
ment is l min for inspiratory oxygen concen- 
tration. The carbon dioxide analyser had a 
response time of 100 ms, a resolution of 0.01% 
and an accuracy of 0.2% in the range of 0-10 %. 
The analyser was calibrated using air for zero off- 
set, a test gas with Fco, = 0.03, Fo, = 0.27 and 
FN, = 0.7 (Alfax). Both the oxygen and the carbon 
dioxide analysers were fitted with a nefion sam- 
pling tube (Aridus, Gambro-Engstrém, Stock- 
holm, Sweden) to dehumidify sampling gas. 


Venttlator 


A Siemens—Elema Servo 900 C was used. The 
breathing system was fitted with a heat and 
humidity exchanger (Edith, Gambro-Engstr6m 
AB, Stockholm, Sweden) at the Y-piece. The 
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ventilator was calibrated at a breathing frequency 
of 20 b.p.m. and minute ventilations of 7.5 and 
10 litre min™! using a Timeter RT-200 (Timeter 
Instruments Co., U.S.A.). The gas composition 
during the calibration procedure was Fo, 0.4 and 
FN, 0.6. The ventilator was leak-tested by setting 
the breathing frequency at 6 b.p.m., inspiratory 
pause at 30% and plugging the Y-piece. The 
ventilator and breathing system were regarded as 
gastight if no airway pressure reduction occurred 
during the inspiratory pause. 


Measurement of inspiratory and expiratory 
volumes 


The Servo ventilator 900 C is fitted with two 
Silberman type flow meters which are heated to 
reduce the influence of water vapour on measure- 
ments. The flow rate signals are integrated in 
the Servo ventilator to give inspiratory and 
expiratory tidal volumes. The inspiratory flow of 
the ventilator was constant and the expiratory 
flow decreased exponentially. This may lead to 
the two flow meters displaying different volumes, 
despite no gas exchange, as when using a plain 
Blease lung simulator. To eliminate flow inte- 
gration differences between the flow meters, the 
signals for inspiratory and expiratory volume 
were used to obtain a differential volume signal 
(Vi— VE) externally from the Servo ventilator. 
Inspiratory minute volume was regarded as 
constant. The differential volume signal was 
displayed on a flat bed recorder. Expired minute 
volume was calculated in two ways: from inspired 
minute volume and the differential volume signal 
(i.e. expired volume was measured); and, by 
presuming no net exchange of inert gases, where: 


V1 [= Fiy, = VE  FEy, 
Fiy, = 1—FYo, 
Ex, = 1—FEo,— FEco,; 
calculated expiratory minute ventilation (Vx) = 
Vi: (1 — Fio,)/(1 — Fo, — FEco,) 


(Haldane transformation) 


Mixing box 

The mixing box had a volume of 2.5 litre. To 
improve mixing, the expiratory gas entered the 
mixing box through a Venturi jet. Gas samples for 
oxygen and carbon dioxide analysis were drawn 
from a catheter placed in the middle of the box. 
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Sampling sequence 

A multiplexer was used to govern the sampling 
sequence. Mixed inspired gas was sampled into a 
Mylar bag for pressure equalization from the 
interior of the ventilator before inspiratory gas 
entered the ventilator bellows. For I min in every 
10 min, gas was drawn from the Mylar bag by 
the OM II for analysis of inspiratory oxygen 
concentration. During the following 9 min of the 
10-min sampling period, gas was sampled from 
the expiratory mixing box by both the OM IT and 
LB 2 for analysis of mixed expired oxygen and 
carbon dioxide concentrations. The signals from 
both analysers were recorded on a flat bed 
recorder. The mixed expired sampling period was 
divided into 3-min periods and the average gas 
consumption during the three periods was used 
when calculating oxygen consumption and carbon 
dioxide excretion. 


Measurement procedure 


Before each measurement, the MGEM was 
connected to the MLM I with zero gas exchange 
and the ventilator was set at the frequency, minute 
volume and gas composition that were to be used 
during the following experiment. This procedure 
was performed to establish the zero level of the 
differential volume signal from the ventilator flow 
meters. 


Calculations of oxygen consumption and carbon 
dioxide excretion 
Vo, = Fio,’ Vi— FĒo,' VE 
Vco, = FEco, r VE 
where VE was either measured as Vi — differential 


volume, or calculated from the inspiratory volume 
by Haldane transformation. 


ASSESSMENT OF THE METABOLIC GAS EXCHANGE 
METER 


Volume measurements 


The stability of inspiratory tidal volume was 
tested by operating the ventilator for periods of 
3h connected to the MLM I. During the test 
period the compliance and the resistance were 
varied randomly. No drift in the recorded in- 
spiratory tidal volume was observed; thus in- 
spiratory tidal volume could be regarded as 
constant. The establishment of the zero level of 
the differential volume signal under no gas- 
exchange conditions was crucial to the meth- 
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odology. Any change in ventilation that would 
change the zero level had to be avoided. A change 
in FIo, from 0.35 to 0.6 resulted in a zero level 
corresponding to 85 ml min™. A change of Fio, 
less then 0.05 resulted in a minimal change in zero 
level. Thus Figo, had to be preset. A change in 
minute ventilation changed the zero level, as did 
alterations of the tidal volume; thus inspiratory 
minute ventilation and breathing frequency had 
to be set before establishing the zero level and 
should not be changed during the measuring 
period. The influence of compliance alterations 
on the zero level registration was checked by 
alterations in compliance between 0.02 and 
0.1 litre (cm H,O)! in six experiments. The 
change in zero level was less than 10 ml min‘. 
Changes of FRC between 2.5 and 3.6 litre in four 
experiments resulted in changes of the zero level 
of less than 5mlmin™~. A Bennett cascade 
humidifier incorporated in the lung model in- 
creased the differential volume recording by 
200 ml min™ (increase in expiratory volume) at a 
total minute ventilation of 10 litre min=!. No 
change in the zero level of the differential volume 
registration could be detected when an Edith heat 
and moisture exchanger was used at the Y~piece of 
the breathing circuit. To evaluate the accuracy of 
the differential volume recording, carbon dioxide 
flows of 157, 196, 235 and 309 ml min™ were 
added or withdrawn to the MLM I and MLM II 
to give a real difference between inspired and 
expired volume. In 13 experiments, dry gases 
were used in the MLM I and in 10 experiments 
the MLMII (humidified expired gas) was 
fitted with an Edith at the Y-piece (table I). 
The differential volume readings were 
within + 15 ml min“ of the flow meter setting. If 
the flow meter settings are regarded as 100 %, the 
differential volume reading was 99+3% with 
humidified gases. 


Influence of humidity on gas analysing 

The efficiency of the dehumidifying sample 
tube was tested by connecting the Bennett cascade 
humidifier in the lung model when adding carbon 
dioxide. There were no changes in either carbon 
dioxide or oxygen concentration of expired gas 
when humidity was added. 


Mixing box efficiency 

The efficiency of the mixing box was tested 
with tidal volumes of 0.5 and 1.0 litre and a 
minute ventilation of 10 litre min`. No fluc- 
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TABLE I. Evaluation of the accuracy of differential volume 
recording. + = VE > VI; — =Vi>Ve 








Flow meter Differential 
setting volume reading 
(mi min~?) (ml min“) 
+ 309 +310 
~ 309 — 300 
+235 +226 
— 235 — 220 
+196 +194 
— 196 — 204 
+ 196 +190 
~~ 196 — 190 
+157 +160 
—157 —160 


tuations in the mixed expired carbon dioxide 
concentration were obtained. 
Influence of nitrous oxide on the MGEM 


As the OCLM cannot be used in conjunction 
with nitrous oxide, which decomposes un- 
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TABLE H. OCLM setting: 








Voo, Vo, 

(mi min@+) (mi min`!) RQ 
157 245 0.64 
196 196 1.00 
196 245 0.80 
245 245 1.00 





predictably to oxygen, nitrogen anc other gases in 
the hydrogen flame of the OCLM, we performed 
a conventional dilution test [2] using carbon 
dioxide as diluting gas in order to achieve a lower 
expired oxygen concentration when the model 
was ventilated with a mixture of 70% nitrous 
oxide in oxygen. Carbon dioxide flews of 157, 196 
and 245 ml min™ were used when VI was 
10 litre min™. The differential volume readings 
were equal to the carbon dioxice flow meter 
settings +6mlmin“'. When measured minute 
ventilations, VI and differential volume, and 


TABLE III. Carbon dioxide output. VI-VE = values obtained when measuring both Vi and Vg; Hcldane 
= values obtamed by Haldane transformation; Difference = difference between obtained values <n the 
MGEM and set values in the OCLM 


OCLM 
setting Vi-~- Vg 

Fig, (ml min=?) (ml min`?) 

0.3 157 161 
157 155 
157 155 
157 155 
196 196 
196 197 
196 197 
196 204 
196 200 
196 199 
196 196 
196 197 
245 242 
245 242 
245 248 
245 247 

Mean (sp) 

0.5 157 161 
157 163 
196 194 
196 194 
196 202 
196 203 
196 199 
245 247 
245 252 

Mean (sD) 


MGEM 

Difference Haldane Difference 

(mi min` (ml min~?) (mi min-!) 
+4 161 +4 
—2 155 —2 
—2 156 —1 
—2 156 —] 
+0 196 +0 
+1 197 +1 
+1 198 +2 
+8 204 +8 
+4 200 +4 
+3 199 +3 
+0 196 +0 
+1 197 +] 
—3 242 —3 
—3 242 —3 
+3 249 +4 
+2 247 +2 
+1 (3) +1 O) 
+4 161 +4 
+6 164 +7 
—2 194 —2 
—2 194 2 
+6 202 +6 
+7 203 +7 
+3 199 +3 
+2 247 +2 
+7 252 +7 
+3 (4) +3 (3) 
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TABLE IV. Oxygen consumption. VI—VE = values obtained when measuring both Vi and VE; Haldane 
= values obtained by Haldane transformation; Difference = difference between obtained values m the 
MGEM and set values m the OCLM 


OCLM 
setting Vi- Pr 

Fio, (mi min-!) (ml min“) 

0.3 196 200 
196 195 
196 205 
196 193 
245 245 
245 240 
245 247 
245 240 
245 243 
245 249 
245 249 
245 248 
245 229 
245 237 
245 247 
245 239 

Mean (sp) 

0.5 196 190 
196 195 
245 232 
245 240 
245 237 
245 245 
245 245 
245 248 
245 246 

Mean (sD) 


analysed gas fractions were used to calculate 
oxygen consumption and carbon dioxide output, 
the latter was found to be 159, 197 and 
246 ml min“, whereas the oxygen consumption, 
which in reality was zero as this was a dilution 
test, was 2, 1 and 2 ml min“! during the three 
experiments. 


Test of MGEM in the OCLM 

The MGEM was tested at FIp, values of 0.3 and 
0.5. The OCLM was set at different combinations 
of Vo, and Vco, between 157 and 245 ml min“! 
(see table II for details). V1 was 7.5 or 10 litre 
min~'. The breathing frequency was either 10 or 
20 b.p.m. 


Statistics 
All results are given as mean (SD). 


MGEM 
Difference Haldane Difference 
(ml min`!) (mi min!) (mi min-?) 
+4 201 +5 
— Ï 191 —5 
+9 207 +11 
—3 187 —9 
+0 246 +1 
—5 237 —8 
+2 245 +0 
—5 239 —6 
—2 241 —4 
+4 247 +2 
+4 249 +4 
+3 245 +0 
—16 222 —23 
—8 237 —8 
+2 244 — Í 
—6 232 —13 
— 1 (6) —3 (8) 
—6 180 —16 
—| 191 — 5 
—13 222 —23 
—5 234 —11 
—8 231 —14 
+0 240 — 45 
+0 239 —§6 
+3 243 —2 
+1 240 —5 
—3 (5) —10 (7) 
RESULTS 


When carbon dioxide output was calculated using 
measurements of V1 and V diff, the mean of the 
deviation from the OCLM settings was +1 
(sD 3) ml min™ at Flip, 0.3. Carbon dioxide output 
obtained by using VI and calculation of 
VE by Haldane transformation resulted in a 
mean deviation of +1 (3) ml min™. At Fio, 0.5, 
the corresponding values were +3 (4) ml min`! 
and +3 (4)mimin™= (table III). When 
oxygen consumption was calculated using 
measurements of Vi and Vdiff, the mean 
deviation from the OCLM settings was —1 
(6) ml min™ at Fig, 0.3. Oxygen consumption 
obtained by using VI and calculation of VE by 
Haldane transformation resulted in a mean devi- _ 
ation of +3 (8) ml min“. The corresponding 
values at Fio, 0.5 were —3 (5) ml min“ and — 10 
(7) ml min™ (table IV). 


VALIDATION METHOD FOR METABOLIC GAS EXCHANGE 


DISCUSSION 


Validation method 


Several methods have been proposed for vali- 
dation and calibration of indirect calorimetry 
systems. The dilution method is the most com- 
monly used, where expiratory gas is diluted with 
nitrogen and carbon dioxide to achieve a decreased 
expiratory oxygen concentration, mimicking oxy- 
gen consumption. The drawback of this method is 
that expired volume increases, so that it cannot be 
used to calibrate closed circuit calorimetry sys- 
tems, nor is it acceptable for open circuit systems 
based on measurements of both inspired and 

expired minute ventilation. Methods of true 
= oxygen consumption have been proposed also, 
such as burning alcohol [2] or a defined amount of 
steel wool [4]. Burning of alcohol has resulted in 
too low values because of evaporation of alcohol 
and this method has remained a test of respiratory 
quotient values. Combustion rate of both alcohol 
and steel wool probably varies with varying F'p,, 
which makes it less valuable at FIo, values other 
than that of air. 

Ideally, a calibration—validation method for 
indirect calorimetry systems should be as close to 
human physiology as possible. We have developed 
an oxygen consuming lung model where hydrogen 
_ was burnt, producing water vapour. The only end 
product was water vapour. Test of combustion 
has verified that the hydrogen was combusted 
totally and that no end product formed except 
water. As the hydrogen was delivered from a 
precision flow meter, the amount burnt was 
controlled. Carbon dioxide output was achieved 
by delivering carbon dioxide into the lung model 
from a precision flow meter. Thus in our lung 
model the oxygen consumption and carbon di- 
oxide production could be varied independently. 
There was no “unphysiological’’ influence on 
expired ventilation volume, which makes the 
OCLM appropriate for testing and calibrating 
any type of calorimetry system. 
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Metabolic gas exchange meter 


The concept that oxygen consumption can be 
obtained by subtracting the volume of oxygen 
expired from the volume inspired is simple, but 
practical application includes many pitfalls, in- 
cluding measurement of ventilation volume. This 
depends on flow meter characteristics. In the flow 
meters of the Servo 900 C, the gas was channelled 
through a fine mesh. The pressure decrease across 
the mesh depends on velocity and viscosity of 
the gas. Ventilator settings and gas composition 
might thus affect the readings. The flowmeter was 
in error in overestimating flow by 1.4% per 10% 
unit increase in Fio, [5]; these errors were 
eliminated by using the differential volume 
method and not changing Fip, during an ex- 
periment. The differential flow measurements 
were found to be insensitive to changes in lung 
mechanics. The effect of expired humidity on 
expiratory volume measurements corresponded to 
an increase in expired volume of 0.2 litre min“ 
without the Engström Edith. This would be 
expected if humidity increased from 25% to 
100 % at an ambient temperature of 22 °C. Thus, 
in all experiments with the OCLM, the Y-piece 
was fitted with an Edith dehumidifier and, to 
diminish further the negative effects of humidity, 
the Beckman analysers were fitted with Aridus 
water vapour permeable sample tubing. The 
coefficient of variation of the differential volume 
measurement was 3%, which corresponds to less 
than 10 ml min“, which has been proposed as 
acceptable by Nunn and Pouliot [6]. In this study, 
the Vo, measurements, when using measurements 
of both V1 and VE, were 99.6 (2.6)% at Flo, 0.3 
and 98.6 (2.1)% at Filo, 0.5, when the OCLM 
settings were regarded as 100%. Thus the 
coefficient of variation was less than 3% at Flo, 
< 0.5. The corresponding values using Haldane 
transformation were 98.6 (3.5) % and 95.8 (3.0) %. 
The coefficient of variation was less than 4% at 
Fig, < 0.5, but at Fio, 0.5 there was a constant 


TABLE V. MGEM values tn percent of OCLM setting (100%). (Percentage values from table III and 
IV expressed as mean (SD)) 


VCO, Vo, 
OCLM Vi—VE Haldane Vi—VeE Haldane 
Fio, (%) n (%) (%) (%) (%) 
0.3 100 16 100.5 (1.6) 100.6 (1.5) 99.6 (2.6) 98.6 (3.5) 
0.5 100 9 101.8 (1.9) 101.9 (2.0) 98.6 (2.1) 95.8 (3.0) 
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underestimation of Vo, of 4.2%. Irrespective of 
method and Fip,, the Vco, measurements with 
the MGEM were extremely close to the OCLM 
settings and the coefficient of variation was less 
than 2% (table V). 

The two methods of estimating Vo, and Vco, 
in this study are in good agreement with other 
publications on respiratory gas exchange. Hender- 
son and colleagues [7] found an overall difference 
in Vo, of — 10 (9.13) ml min™ in their laboratory 
study with mass spectrometric gas analysis and 
Haldane transformation. Nunn and Pouliot [6] 
measured differential minute volume and found 
an approximate standard deviation of error in 
measured Vo, of 0.8% of the total amount of the 
inspired oxygen, which would be 25 ml min“ 
using our settings. Westenskow, Cutler and 
Wallace [8] found Vo, 302.3 (5.6) ml min“ at a 
simulated value of 300 ml min`! when using air 
and the MGM II metabolic gas monitor (Medicor 
Inc.). Bredbacka and colleagues [9] reported a 
difference of 4.3 (8.5) % between clinical measure- 
ments with a Mass spectrometer/Douglas bag 
technique and Engström Metabolic Computer, 
the EMC giving systematically lower values. 
Ultman and Bursztein [10] made a theoretical 
analysis of error in the determination of res- 
piratory gas exchange and found that the error in 
determination of Vo, increased with increasing 
Fio, When air was breathed, Haldane trans- 
formation created smaller errors than differential 
volume measurements, which can explain the 
Westenskow group’s [8] good agreement with 
simulated values. With increasing FIo, the error 
in the Haldane transformation increased sharply 
and exceeded that of differential volume measure- 
ments. Even if the two methods were theoretically 
identical in the range FIo, = 0.3-0.5, in our study 
the differential volume measurement method was 
better than the Haldane transformation when 
Fig, was 0.5. As differential volume measure- 
ments do not require zero exchange of inert 
gases for determination of Vo, and Vco,, our 
method should be suitable for measurement of gas 
exchange during anaesthesia. 


APPENDIX 


A hydrogen jet burner was placed inside a cylindrical brass 
container of volume 2.7 litre. Hydrogen was delivered via a 
precision flow meter to the jet burner. To eliminate the effect 
of pressure in the lung model, a back pressure compensation 
valve was incorporated in the pipe between the flow meter and 
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the burner on the delivered volume of hydrogen during 
controlled ventilation. The jet burner was ignited from the 
outside of the container by a piezoelectrical gas lighter with 
electrodes attached to the jet burner and to a stainless steel 
wire placed 5 mm above the top of the burner orifice. The heat 
of the hydrogen flame made the steel wire glow, acting as a 
visual indicator of combustion. Carbon dioxide was delivered 
through a copper pipe from a precision flow meter with a back 
pressure compensation valve into the lung model at midlevel. 
The cooling system consisted of a copper pipe coil placed a few 
cm above the flame inside the lung model, connected 1n series 
with a cooling jacket around the lung model container. The 
water flow was adjusted to maintain temperature and relative 
humidity of expired gas at 35-37°C and 90-100%, re- 
spectively, as measured with a Vaisala HMI 32 (humidity and 
temperature meter) ın a mini circle with one-way valves to 
separate inspiratory gas from expiratory gas [11]. 

Mixing of gases inside the lung model was achieved with an 
electrical fan in the top of the brass cylinder. To the metal 
cylinder, a Blease mechanical lung simulator was connected to 
vary the resistance and the compliance of the lung model. 
Total anatomical deadspace was 150 mi and the total FRC at 
end expiration was normally 2.5 litre. 

The flow meters were calibrated using the bubble burette 
method. The soap solution used for making the bubbles had a 
high water content which humidified gas passing through the 
burette. This led to falsely high gas measurements 1f not 
corrected. We measured the humidity with the Vaisala HMI 32 
humidity and temperature meter in the top of the burette and 
found that gas leaving the burette had a relative humidity of 
90 % at an ambient temperature of 22 °C. This gave a correction 
factor of 0.98 when correcting gas flow measured with the 
burette from ATPS to ATPD. Thus a measured flow of 
250 mi min™! ates was 0.98-250 = 245 ml min™ ATPD. 

To ascertain that the combustion of hydrogen was complete 
and no other chemical compound was formed during the 
burning of the hydrogen, samples were taken in glass syringes 
from the brass cylinder during operation of the model at 
inspiratory oxygen concentrations of 21-90 % and the samples 
were analysed in a gas chromatograph where the sample was 
separated on Porapak Q and detected with a high temperature 
EC-detector. We could not detect any hydrogen in the samples 
and the nitrous oxide concentration was less than 270 p.p.b., 
which is equal to the earth’s background level. Thus there was 
a complete combustion of hydrogen at the inspiratory 
concentrations of oxygen used during the validation tests in 
this study. 


Safety precautions 


A lung model with hydrogen combusnon requires safety 
devices because of the high combustbility of the 
oxygen—hydrogen mixture used. A one-way valve was placed 
in the copper pipe for hydrogen supply between the hydrogen 
gas cylinder and the precision flow meter to prevent an 
explosion or a flame reaching the gas cylinder. The flame was 
cooled and heat dissipated by a copper pipe coil. Through the 
top lid of the contamer, two 42-mm cylindrical vents were 
drilled and plugged with rubber corks serving as pressure 
relief valves in case of an explosion inside the container. Before 
the hydrogen was turned on, the ignition system was activated 
to ensure that the hydrogen was lit immediately. The container 
wes flushed with carbon dioxide for 5 min after the fame had 
been extinguished by turning off the hydrogen supply. 
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METABOLIC GAS EXCHANGE DURING NITROUS OXIDE 
ANAESTHESIA WITH CONTROLLED VENTILATION 


K. L. SVENSSON, B.-A. HENRIKSSON, H. SONANDER AND 


O. STENQVIST 


SUMMARY 


A system for metabolic gas exchange has been 
used during nitrous oxide-opioid anaesthesia 
incorporating a Servo Ventilator 900 C and 
external analysers for oxygen and carbon dioxide. 
Oxygen consumption and carbon dioxide ex- 
cretion were calculated as differences in content 
between inspired and expired minute ventilation. 
Nitrous oxide uptake was calculated similarly, 
assuming it was the only other gas present in 
addition to oxygen and carbon dioxide. The 
mean value for oxygen consumption was 
3.25 ml kg min, declining by 8% during the 
2h of anaesthesia. The formula for the best fit 
curve of nitrous oxide uptake was 18.3-t°* ml 
kg min? when Fiyo was 0.7. To simplify 
measurement procedures and avoid measure- 
ments of expiratory volume, we also calculated 
metabolic gas exchange when expiratory minute 
ventilation was expressed as a function of 
inspiratory minute volume and nitrous oxide 
uptake. The latter value was obtained from the 
overall best fit curve for nitrous oxide uptake. 


KEY WORDS 


Metabolism. oxygen consumption, carbon dioxide pro- 
duction Pharmacokinetics nitrous oxide uptake. 


Measurements of oxygen consumption and car- 
bon dioxide excretion have been used in intensive 
care units during recent years [1-3]. However, 
corresponding studies during anaesthesia have 
been impeded by the fact that uptake of nitrous 
oxide invalidates the calculations of inspired 
or expired minute ventilation from the other, 
assuming no net exchange of inert gas (nitrogen) 
which is necessary when only one minute ven- 
tilation is measured (VE = Vi: Fiy,/FEy,, Haldane 


transformation) [4]. Addition of a tracer gas with 
low solubility, for example argon, to the inspired 
gas and analysing this tracer gas in inspired and 
expired gas makes the estimation through trans- 
formation possible, but requires more sophis- 
ticated additional equipment [5]. 

The mass balance calculation, 


Vx = Vi: Fix — VE, Fix 


where X = gas studied (oxygen, carbon dioxide, 
nitrous oxide or any other gas), may be used 
if the volumes can be measured with enough 
precision: this is crucial, as gas fractions are 
comparatively easy to measure with good pre- 
cision using modern gas analysers. We have shown 
that, using the meters for inspiratory and ex- 
piratory flow in a Siemens Servo 900 C ventilator, 
the necessary accuracy in volume measurements 
can be obtained [6]. If the uptake of nitrous oxide 
and excretion of nitrogen is known, the difference 
between inspired and expired ventilation caused 
by this gas exchange may be calculated; this 
necessitates measurement of only one minute 
ventilation, the other being calculated. There are 
different formulae for the uptake of nitrous oxide 
[7-9] based on measurement of uptake in closed 
anaesthetic circuits. All formulae are “best fit” to 
the data, but differ substantially from each other. 

In this study we have used the same equipment 
as in our previous laboratory investigation, but in 
a clinical setting. We have measured oxygen 
consumption and carbon dioxide excretion during 
nitrous oxide anaesthesia, by measuring inspired 
and expired ventilation and inhaled and exhaled 
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gas fractions; measured the rate of uptake of 
nitrous oxide (actually the combined nitrous oxide 
uptake and nitrogen excretion by assuming 
Fis, = 1— Flo, and FEy.o = 1~— FEp, — FEgo,) and 
calculated a best fit formula for the uptake; and 
compared values of oxygen consumption and 
carbon dioxide excretion (obtained by measuring 
both inspired and expired volume) with those 
where expired ventilation volume was calculated 
from inspired volume and the nitrous oxide uptake 
from the best fit curve. 


PATIENTS AND METHODS 


Two groups of patients were anaesthetized with 
either 70% or 50% nitrous oxide in oxygen. 
Group I consisted of 13 patients (seven female), 
age 44 (sD 14) yr, weight 72 (15) kg. Group II 
consisted of seven patients (four female), age 
50 (18) yr, weight 69 (13) kg. The group I patients 
were scheduled for radical mastoidectomy and the 
group II patients were euthyroid and scheduled 
for thyroidectomy. 

In both groups, anaesthesia was induced with 
thiopentone 250-300 mg, intubation was faci- 
litated by suxamethonium 50-100 mg i.v. and 
anaesthesia was maintained with fentanyl, oxygen, 
nitrous oxide and pancuronium. Group I bad a 
gas mixture of 70% nitrous oxide in oxygen and 
group II a mixture of 50% nitrous oxide in 
oxygen. In group II midazolam was added to 
ensure that awareness should not occur during 
anaesthesia. All patients underwent mild hyper- 
ventilation (5-15% above the nomogram of 
Radford [10]). The patients fasted for at least 6 h 
before surgery and were given 200 mlh™" of 
Ringer—2.75 % glucose during the operation. 

The study was approved by the Hospital Ethics 
Committee. 


Metabolic measurements 


The metabolic gas meter consists of an oxygen 
analyser (Beckman OM IT) and a carbon dioxide 
analyser (Beckman LB 2). The humidity in the 
breathing system and that of the gas samples were 
reduced by using an Edith heat—moisture ex- 
changer at the Y-piece and an Aridus sampling 
tube to the gas analysers. For ventilation and 
measurement of inspiratory and expiratory vol- 
umes, a Siemens Servo Ventilator 900 C was used. 
The gas sampling sequence was governed by a 
‘multiplexer so that mixed inspired oxygen con- 
centration was measured for I min every 10 min 
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and mixed expired oxygen and carbon dioxide 
concentrations continuously for 9 min and then 
the sequence was repeated. For volume measure- 
ments the flow signals were integrated to give 
inspired and expired tidal volume. The signal for 
inspired tidal volume and the signal for the 
difference between the two tidal volumes were 
displayed on a flat bed recorder. Before a patient 
was studied, the Servo 900 C ventilated a Blease 
lung simulator with the same gas composition, 
frequency and minute ventilation for use with the 
individual patient, to establish the differential 
zero level between the signals from measurements 
of inspired and expired tidal volumes during no 
gas exchange (for further details, see accom- 
panying paper [6]). The ventilator was leak tested 
before and after each anaesthetic by setting the 
breathing frequency at 6, inspiratory pause at 
30% and plugging the Y—piece. The ventilator 
and breathing system were regarded as gastight if 
no airway pressure decrease occurred during the 
inspiratory pause. High volume—ilow pressure cuff 
tracheal tubes were used and the cuff pressure was 
monitored continuously throughout anaesthesia 
and kept at least 15 cm H,O greater than pause 
airway pressure. The inspired volume was kept 
constant. During measurements in patients, the 
expired volume varied depending on changes in 
respiratory quotient and inert gas disequilibrium. 
Inspired volume was calculated as frequency 
xinspired tidal volume and expired volume 
was calculated as inspired volume — differential 
volume. 


Calculations 


Uptake of nitrous oxide (including excretion of 
nitrogen) was calculated from measured inspired 
and expired ventilation as: 


VN,o Pe Vi(1 — Fio p — Vel — — FEO, — FEco,) 

For calculation of the best fit curve for nitrous 
oxide uptake, the optimization alogarithm of Hook 
and Jeeves [11] was used. The equation above can 
be transformed to: 

PIO — Flo) — VN,0 = VE(1— FEo, — FEco,) 

and with the use of the best fit nitrous oxide 
uptake values ((VN,O(bf)): 


VE = (Vi(1 — Flo.) — VN,0(bf))/ 


(1 — FEo, — FEco,) 
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The formulae used for calculation of carbon 
dioxide excretion and oxygen consumption for 
comparison with measured values thus become: 


Voo,(bf) = FEco, (PIC — Flo,) 

— VN,0(bf))/(1 — Fp, — FEco,) 
Vo,(bf) = Fio, Vi— Fio,(Vi(1 — Flo,) 

— VN,O(bf))/C1 — FEo, — FEco,) 


Statistics 


All values are presented as mean (SD). ANOVA 
followed by Student’s ¢ test (paired data) and 
linear regression were used when appropriate. 
P < 0.05 was regarded as significant. 


RESULTS 


In group I (Fip,0.3) oxygen consumption 
at 10min of anaesthesia was 3.39 (0.53) 
mi kg min`! and decreased continuously 
during operation to a value of 3.17 (0.45) 
mi kg min™ at 90 min (fig. 1) (P < 0.05, Anova 
for repeated measurements). Carbon dioxide 
excretion at 10min of anaesthesia was 2.62 
(0.39) mi kg min“! and decreased to 2.58 
(0.35) mi kg-t min! at 90min of anaesthesia 
(fig. 1). The respiratory quotient was 0.78 (0.12) 
at 10 min and 0.82 (0.11) at 90 min of anaesthesia 
(fig. 1). In group II (Fig, 0.5) oxygen consumption 
at 10 min of anaesthesia was 3.73 (0.96) ml kg! 
min`! and decreased continuously to 3.24 (0.79) 
ml kg? min= at 90min (P < 0.05). Carbon 
dioxide excretion at 10 min of anaesthesia was 
2.44 (0.33) ml kg! min`? and decreased to 2.40 
(0.22) ml kg-! min=! at 90 min of anaesthesia. In 
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group II the RQ at 10 min after induction of 
anaesthesia was 0.68 (0.12) and at 90 min it was 
0.77 (0.13). The difference in oxygen consump- 
tion between groups I and II was not significant. 

The mean oxygen consumption in group 
I immediately before skin incision was 3.26 
(0.55) ml kg“! min` and it increased to 3.40 
(0.56) ml kg min“! 3 min after skin incision (P 
< 0.001). The corresponding mean production of 
carbon dioxide was 2.57 (0.38) ml kg“! min™ and 
2.64 (0.40) ml kg“! min`, respectively (fig. 2) 
(P < 0.01). 

In group I, nitrous oxide uptake was 5.54 
(0.82) ml kg? min`“! at 10min, 3.71 (0.74) ml 
kg™ min™ at 30 min, 2.83 (0.60) ml kg"! min“ at 
60 min and 2.17 (0.61) ml kg" min™ at 90 min 
(fig. 3). The mean total uptake of nitrous oxide 
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Fic. 2. Oxygen consumption (Vo,) (O) and carbon dioxide 

production (Vco,) (@) 3 min before and 3 min after skin in- 

cision. Both Vo, and Vco, increased significantly (P < 0.001 
and P < 0.01, respectively). 
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Fic. 1. Oxygen consumption (V0,) (O), carbon dioxide production (co) (@) and respiratory quotient 
(RQ) measured from 10 to 90 min with Fip, 0.3 and Fiy o 0.7. n = 13. 
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Fig. 4. Best fit curves of nitrous oxide uptake in a patient with a bodyweight of 70 kg and Fix, 0.7 





according to this study ¢ 


during the first 90 min was 21.4 (5.7) litre. The 
correlation coefficient for uptake and body weight 
was 0.76. 

In group II, nitrous oxide uptake was 4.06 
(0.84) ml kg min™ at 10min, 2.65 (0.41) ml 
kg min? at 30 min, 2.00 (0.30) ml kg! min“ 
at 60 min and 1.60 (0.38) ml kg"! min“ at 90 min 
(fig. 3). The mean total uptake of nitrous oxide 
during the first 90 min was 14.7 (2.4) litre. 

The best fit curve of nitrous oxide uptake in 
group 1 had the form VN,o0= 18.3-1r°* 
mi kg"! min (r = — 0.78) (fig. 4). When the best 


), Severinghaus [8] (-——) and Virtue, Sherill and Swanson [18] (----). 


fit curve for nitrous oxide uptake was used for 
calculations of Vg from 
Vi: Ve = Vi—Vditf 

where Vdiff was a function of VN,o and RQ, and 
Vo, and Veco, were recalculated with this 
transformed Vz, Vo, in group I was 3.59 
(0.33) ml kg min™ and that in group MII 
4.01 (0.52) ml kg min“ at 10min and 3.15 
(0.38) ml kg min™? in group I and 3.15 
(0.60) ml kg"! min™ in group IJ at 90min. 
The corresponding values for Vco, were 2.61 
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(0.41) ml kg min`? in group I and 2.45 
(0.36) ml kg™ min`? in group II 10min after 
induction of anaesthesia and 2.59 (0.35) ml 
kg min? in group I and 2.42 (0.23) ml kg? min“! 
in group II at 90min. Figure 5 shows the 
measured values and the values of Vo, and Vco, 
calculated from the best fit curve for the 13 
patients in group I. The coefficient of correlation 
between the two methods of obtaining Vo, and 
Vco, were 0.807 for Vo, and 0.998 for Vco,. 


DISCUSSION 


In this study of oxygen consumption and carbon 
dioxide excretion during nitrous oxide anaes- 
thesia, we have used the same technique as our 
previous laboratory study [6]. The grand mean 
value of oxygen consumption of 228 ml min“ ina 
70-Kg patient is in accordance with earlier reports 
[10,12-14]. The 8% decrease in Vo, during the 
first 90 min of anaesthesia may be explained by a 
direct effect of the anaesthetic agent on cellular 
metabolism or by the anaesthetic agents counter- 
acting the effects of catecholamines [15]. Another 
possible explanation may be that, as all patients 
received an inspired oxygen fraction greater than 
0.21, the initial uptake was high until a new steady 
state of oxygen tension was reached in the whole 
body. Some authors [16,17] have claimed that 
oxygen consumption increases slowly during 
anaesthesia, because they assume that there is no 
net exchange of nitrous oxide after 15—30 min of 
anaesthesia. In this study, we have shown that 


uptake of nitrous oxide is about 300 ml min`? 
after 15-30 min and 1h later the uptake rate is 
about 150 ml min™ which, if disregarded, leads to 
a falsely increasing oxygen consumption rate 
during the course of nitrous oxide anaesthesia 
{4]. 

For the calculation of nitrous oxide uptake we 
have regarded nitrous oxide fractions as I — F6,— 
FcCo,. The ratio of solubilities of nitrogen and 
nitrous oxide in the human body is 1:30. The 
nitrous oxide uptake value includes nitrogen 
excretion, which may be assumed to be 1/30 of 
the nitrous oxide uptake [3]. Thus our value for 
nitrous oxide uptake is underestimated by slightly 
more than 3%. In 1954 Severinghaus [8] mea- 
sured the rate of uptake of nitrous oxide using a 
closed circle system with carbon dioxide ab- 
sorption. He found in six patients that the average 
uptake could be expressed as decreasing by the 
square root of time. Using 80% nitrous oxide in 
oxygen with spontaneous ventilation he found 
that the first 1 min uptake was 1 litre. In 1982, 
using a non-rebreathing system in volunteers 
breathing a 25 % nitrous oxide in oxygen mixture 
Virtue, Sherill and Swanson [18] found an average 
uptake rate in accordance with Severinghaus, if 
corrected for differences in inspired concen- 
trations of nitrous oxide. In our study the average 
rate of uptake conformed to 1280-2-° $8 ml1/70 kg. 
The form of the uptake curve is in agreement with 
those of both Severinghaus [8] and Virtue’s group 
[18]. It must be emphasized that neither we nor 
Severinghaus actually measured uptake during the 
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first 1 min. The difference in values is explained 
probably by the fact that they are merely extra- 
polations from the best fit curves and they are 
obtained using different methodologies. We found 
great inter-individual variations in uptake rate. 
According to Eger [19], the uptake of nitrous oxide 
varies little with moderate alterations in cardiac 
output and ventilation. We used a stable controlled 
ventilation; thus sudden changes in nitrous oxide 
uptake should be related to changes in cardiac 
output. VE decreased considerably from just 
before to after the skin incision. The decrease in 
expired ventilation volume represents a relative 
increase in nitrous oxide uptake. Skin incision 
occurred at about 27min after the start of 
anaesthesia, which coincided with a period when 
nitrous oxide uptake should normally be de- 
creasing substantially. However, the skin incision 
obviously resulted in an increase in cardiac output 
to such an extent that, instead of decreasing, the 
nitrous oxide uptake rate was steady for a period 
of 5—10 min. 

The cumulated uptake of nitrous oxide over a 
90-min period correlated with body weight (r = 
0.76). The partition coefficient for nitrous oxide 
differs for different types of tissues, and variations 
in total body composition and cardiac output may 
explain the low correlation coefficient. 

There is a linear relationship between FiIy,o and 
total uptake of nitrous oxide [18,20]. Using 70% 
nitrous oxide resulted in a 90-min uptake of 21.4 
(5.7) litre, and at Fly 0.5 the 90-min uptake was 
14.7 (2.4) litre. If these values are equalized to 
Fiy,o 0.1, they become 3.06 and 2.94 litre, 
respectively. 

The difference between V1 and VE was caused 
by differences in oxygen consumption and carbon 
dioxide production (RQ + 1) and in the uptake of 
nitrous oxide. We have presented a best fit curve 
for nitrous oxide uptake that was based on Fix,o 
0.7. This formula can be used to calculate VE from 
Vi and, by correcting VE for RQ (Haldane 
transformation), carbon dioxide excretion and 
oxygen consumption can be calculated without 
measuring VE. The correlation coefficient of 0.998 
between the two modes of obtaining carbon 
dioxide excretion indicates a high degree of 
predictability, thus the two methods are inter- 
changeable even in the case of the absolute value 
in an individual patient. 

The calculated Vco, values just before and after 
skin incision were 2.57 (0.39) ml kg“! min“! and 
2.65 (0.41) ml“! kg, respectively. Although the 
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increase is only approximately 3%, it is highly 
significant. The correlation coefficient between 
measured and calculated oxygen consumption 
was 0.807, indicating a level of prediction of real 
values from calculated too low for acceptable 
results in the individual patier.t. The sudden 
small changes in Vo, such as at skin incision 
cannot be detected when using the calculated Vo, 
method. ; 

Both methods of obtaining Vc, could be used 
for studying oxygen consump-ion during an 
operation. As VE is difficult to measure adequately 
during abdominal surgery, becaise even minor 
surgical movements of the diaphragm cause 
substantial artefacts in VE mezsurements, the 
method of obtaining VE from Vr and the best fit 
curve of nitrous oxide uptake cffers a possible 
technique for indirect calorimetriz measurements 
even under difficult circumstances during nitrous 
oxide anaesthesia. 
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CARBON DIOXIDE MONITORING DURING HIGH 
FREQUENCY JET VENTILATION FOR DIRECT 


LARYNGOSCOPY 


J. L. BOURGAIN, K. MCGEE, M. F. COSSET, L. BROMLEY AND 


C. MEISTELMAN 


SUMMARY 


To improve ventilation monitoring during direct 
laryngoscopy, we have developed a high fre- 
quency jet ventilator which allows the aspiration 
of tracheal gas for carbon dioxide analysis (Ptco,) 
through the injector after stopping the ventilator. 
In 41 patients undergoing direct laryngoscopy, 
Paco,and Ptco, were measured simultaneously 
during high frequency jet ventilation under 
general anaesthesia. Ptcg, and Paco, correlated 
significantly (rt = 0.88), but Ptco, underestimated 
Paco, by 0.84 (sD 0.72) kPa. The arterial to 
tracheal Pco, difference was influenced by 
airway obstruction. 


KEY WORDS 


Ventilation: high frequency. Monitoring carbon dioxide, 
transtracheal, arterial 


One indication for high frequency jet ventilation 
is direct laryngoscopy [1]. In this situation, 
monitoring is difficult because of technical prob- 
lems in measurement of tidal volume. Measure- 
ment of end-tidal carbon dioxide has been 
proposed, but the magnitude of the gradient 
between PE’co, and Pago, prevents its use [2]. 
Thus measurement of end-tidal carbon dioxide 
after one or three large insufflations has been 
studied (3, 4]. This method gave satisfactory 
results, but necessitated tracheal intubation and a 
sampling tube, which are not convenient during 
direct laryngoscopy. To provide ventilation moni- 
toring during laryngoscopy, we have developed a 
system which aspirates tracheal gas for carbon 
dioxide analysis through the injector after 
stopping the ventilator. 

The aim of this study was to assess the validity 


of measurement of tracheal carbon dioxide as a 
reflection of Paco, during high frequency jet 
ventilation under general anaesthesia for direct 
laryngoscopy. 


PATIENTS AND METHODS 


We studied 41 patients (mean age 55 (sp 14) yr, 
weight 66 (13) kg). All patients suffered from 
upper airway cancer and were undergoing direct 
laryngoscopy. Informed consent was obtained 
from each patient and the Ethics Committee 
of our institution approved the study. Before 
anaesthesia, patients were classified into three 
groups according to the clinical history and 
examination: UAO (subjects presenting clinical 
signs of laryngeal obstruction or large tumour 
compromising the upper airway patency), COPD 
(subjects presenting with a clinical history of 
chronic bronchitis) and control group including 
patients without clinical evidence of proximal or 
distal airway obstruction. Most of the patients 
were heavy smokers. Diazepam 0.15 mg kg 
was administered i.m. 1h before laryngoscopy. 
Anaesthesia was induced with an i.v. bolus of 
propofol 2 mg kg™! i.v. and fentanyl 0.10-0.15 mg 
i.v. Neuromuscular block was achieved with 
vecuronium 0.08 mg kg™ i.v. Anaesthesia was 
maintained with an infusion of propofol delivered 
by asyringe pump. Vecuronium was administered 
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Fic. 1. Carbon dioxide recordings during HFJV. The upper 
tracing 1s the recording from a calibration gas. The delay ume 
corresponds with the time between stopping HFJV (arrow) 
and 90 % of the plateau. The lower recordings are typical cur- 
ves; m 75% of patients the tracheal carbon dioxide curve 
reached a maximum termed Pt,o,. In the other patients, the 
carbon dioxide curve reached a plateau; in these subjects, 
Ptco, Was measured arbitrarily, 3 s after the beginning of the 
plateau. 


in intermittent bolus doses of 1 mg with neuro- 
muscular monitoring. 

After induction of anaesthesia, the cricothyroid 
membrane was punctured, 2% lignocaine 2 ml 
was injected and a 14-gauge, 10-cm catheter 
(Seldicath, Plastimed France) was introduced into 
the trachea. This catheter was inserted 8-9 cm so 
that the tip of the injector was situated near the 
carina. HFJV (GR 300, LSSA, Fontenay~-aux- 
Roses, France) was started (frequency 2 Hz, I:E 
= 0.54, driving pressure 3.8 bar). In a previous 
study in similar conditions, these settings pro- 
duced mean Pago, close to 5.3 kPa, but with a 
large scatter of results [5]. The trachea was not 
intubated and optimal airway patency was main- 
tained by lifting the jaw forward. 

The ventilator was designed on the principles 
described by Carlon and colleagues [6]. This 
device is solenoid operated and the electronic 
clock allows independent setting of respiratory 
frequency and 1:E ratio. The ventilator allows 
sampling of tracheal gas through the injector and 
this may be analysed by a capnometer. Two three- 
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Arterial PCO» (kPa) 


Fic, 2, Correlation between Ptco, and Paco, The solid line 

1s the hne of identity; the dotted line represents the least 

square regression line and dashed lines the confidence inter- 
vals (2 sD). 


way solenoid valves in series are used for this 
purpose. A manual command switches off the 
ventilator and connects the injection line to 
atmosphere in order to decompress the gas in the 
ventilator deadspace. After 70 ms a second valve 
is switched on and the injection line connected to 
a capnograph (Elisa, Engström). The capnograph 
aspirates tracheal gas through the injector, allow- 
ing on-line measurement of tracheal carbon 
dioxide (flow rate 100 ml min™, accuracy 0.1%, 
rise time 115 ms). 

The system was tested by aspirating 5 % carbon 
dioxide from a calibration gas bottle. The carbon 
dioxide curve was classified into three parts (fig. 
1). The first part corresponds with aspiration of 
apparatus deadspace gas where tracheal carbon 
dioxide concentration is zero. The second part 
represents increase in carbon dioxide concen- 
tration. The third part is a plateau. Delay time 
was defined as the time elapsed between the 
ventilator switch-off signal and 90 % of the carbon 
dioxide plateau [7]. In the patient study this last 
portion was not identical in all patients. For 30 
patients the carbon dioxide curve presented a 
maximum which was defined as Ptco,. For the 
other patients, the curve represented a slightly 
ascending plateau and Ptoo, was measured ar- 
bitrarily 3s after the beginning of the plateau. 
The Ptgo, measurement was performed before 
laryngoscopy after 10 min of stable ventilation. At 
the same time, arterial blood was sampled from 
the radial artery for analysis (ABL 30 radiometer). 
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TABLE I. Values of tracheal PCO, arterial PCO, and arterio~tracheal PCO, difference in the three groups 
of patents: control, chrome obstructrve pulmonary disease, upper airway obstruction. *P < 0.05 
compared with control group 


Control 
n 28 
Paco, (kPa) 5.3 (1.2) 
Ptco, (KPa) 4.3 (1.1) 
(Paco, — Ptco,) (kPa) 0.8 (0.6) 


Ptco, values were expressed at BTPS. Patient 
temperature was assumed to be 37°C and Pago, 
was corrected for this temperature. 

All data are expressed as mean (SD) and were 
compared using a non-parametric analysis of 
variance (Kruskal-Wallis) and linear regression 
analysis. P < 0.05 was considered significant. 


RESULTS 


A correlation coefficient was computed for Ptco, 
against Paco, for all patients (fig. 2). This was 
statistically significant (P < 0.001, r = 0.88). The 
slope of the regression was 0.78 and the intercept 
0.39 kPa. Paco, of patients with COPD and UAO 
was greater than Paco, of patients in the control 
group (table I). Paco, was greater than Ptoo, by 
0.84 (0.72) kPa in all patients, by 0.8 (0.6) kPa in 
patients without airway obstruction and by 0.5 
(0.36) kPa in patients with UAO. The difference 
between Paco, and Ptco. (1.6 (1.3) kPa) was higher 
in patients with COPD, although the difference 
was not significant. Delay time was 13s in the 
experimental study and 22.0 (3.4) s in the patient 
study. 


DISCUSSION 


Several studies have evaluated the accuracy of 
PE’ co, Measurement as a reflection of Pago, during 
conventional positive pressure ventilation. They 
assessed this accuracy using either the 
Paco, -PE co, gradient or by linear regression 
analysis. During IPPV and anaesthesia, the mean 
gradient reached 0.2 (0.3) KPa in the study of 
Takki, Aromaa and Kauste [8], 0.5 kPa in the 
study of Raemer and colleagues [9] and 0.2 (0.04) 
kPa in the study of Whitesell and colleagues [10]. 
The correlation coefficient ranged from 0.69 to 
0.96. This gradient depends mainly on the 
patient’s respiratory history. During HFJV the 
measurement of PE’oo, does not reflect Paco,; the 


COPD UAO 
5 8 
6.8 (1.9)* 6.7 (1.2)* 
5,3 (0.9)* 6.2 (1.3)* 
1.6 (1.3) 0.5 (0.4) 


Paco, — PE'co, difference reached 2.9 (0.5) kPa at 
1.8 Hz in the study by Capan and colleagues [2] 
and 1.1 kPa at 1 Hz and 3.8kPa at 3 Hz in the 
study by Mortimer, Cannon and Sykes [4]. For 
this reason, the measurement of PE’co, must be 
performed after stopping HFJV and following a 
large insufflation of the lungs. Using this tech- 
nique, capnography was reliable in evaluating 
Paco, (r = 0.98) [4]. However, it necessitates a 
special insufflation system and a cuffed tracheal 
tube, which is not always convenient during 
direct laryngoscopy. Our technique appears more 
suitable in this situation. Comparison between 
Ptco, and Pago, was satisfactory although the Ptgo, 
tended to underestimate Paco, Nevertheless, all 
instances of severe hypoventilation (Pago, 
> 6.7 kPa) were detected by a Ptco, greater than 
5.9 kPa and all instances of severe hyperven- 
tilations (Pago, < 4 kPa) were detected by a Ptco, 
less than 3.2 kPa. 

The observed Paco, — Ptco, gradient was greater 
than those reported previously during conven- 
tional ventilation and HFJV. Several factors may 
contribute to this: the presence of mixed inspired 
and expired gases in the trachea, contamination of 
the sample by atmospheric gas, and increased 
V/Q mismatching. 

During HFJV the inspired and expired gases 
are mixed in the anatomical deadspace and this 
contributes to underestimation of Paco, by Pteo, 
because expired carbon dioxide. is diluted by 
inspired gas. As the sampling flow rate was 
100 ml min= for 22 (3.4) s, the total aspirated 
volume approached 37 ml and was lower than the 
anatomical deadspace (2.22 ml kg!) [11]. Thus 
aspirated gas originated only from the trachea. If 
gas were trapped in the lungs during HFJV [5], 
this gas would escape from the alveoli during 
measurement of carbon dioxide and aspirated gas 
would progressively become alveolar in origin. On 
the contrary, if there is no gas trapping in the 
lungs, the gas aspirated from the trachea would 
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remain a mixture of inspired and expired gases. 
This may explain why the Paco, —Ptco, gradient 
was slightly lower in patients with UAO. 

We assumed that the sampled gas originated 
from the respiratory system rather than from 
atmosphere. Nevertheless, aspiration of ambient 
air seems to occur in several patients when the 
tracheal concentration of carbon dioxide de- 
creased after reaching a maximum (fig. 1). The 
accuracy of the measurement of Ptgo, as a 
reflection of Paco, depends on the proportion of 
alveolar gas, mixed tracheal gas and ambient air in 
the sampled gas. This proportion is a function of 
time: at the beginning of exhalation, the pro- 
portion of respiratory gas should be greater 
because tracheal pressure is positive. When the 
exhalation is complete, the tracheal pressure 
decreases to atmospheric and the proportion of 
the different gases becomes difficult to predict. An 
optimal time may be defined when the sampled 
gas originates from the alveoli with minimal 
contamination of atmospheric gas; this optimal 
time must be compared with the total response 
time of the capnograph. The delay time was 
relatively long, but a capnograph with a higher 
flow rate and a smaller apparatus deadspace would 
probably reduce this time. 

Increase in the alveolar~arterial Pco, difference 
has been described in patients with chronic 
obstructive disease. In our study, patients with 
COPD had a larger Pago,—Ptco, difference (al- 
though this was not significant), possibly because 
of V/Q mismatching and increased Vb/VT [12]. 
Furthermore, the increased distal airway resist- 
ance may have favoured aspiration of ambient air 
during measurement of carbon dioxide. 


In summary, measurement of tracheal carbon 
dioxide through the injector just after stopping 
HEJV allowed the diagnosis of severe hypo- or 
hyperventilation. Nevertheless, the measurement 
of tracheal carbon dioxide as a reflection of Paco, 
seemed less accurate in patients with COPD. 
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ESTIMATION OF LEFT VENTRICULAR VOLUME AND 
EJECTION FRACTION BY TWO-DIMENSIONAL 
TRANSOESOPHAGEAL ECHOCARDIOGRAPHY : 
COMPARISON OF SHORT AXIS IMAGING AND 
SIMULTANEOUS RADIONUCLIDE ANGIOGRAPHY 


F. M. CLEMENTS, D. H. HARPOLE, T. QUILL, R. H. JONES 


AND R. L. MCCANN 


SUMMARY 


We have compared short axis images of the left 
ventricle (LV) obtained with transoesophageal 
echocardiography (TOE) to assess LV size and 
function with those obtained by radionuclide 
angiography (RNA). Simultaneous TOE and 
RNA images were attempted in 14 patients and 
results obtained in 12 patients undergoing repair 
of abdominal aortic aneurysms. The area of the 
LV cavity seen in the short axis images at a mid- 
papillary muscle level at end-systole (ESA) and 
end-diastole (EDA) were compared with 
volumes measured by RNA at end-systole (ESV) 
and end-diastole (EDV). An area ejection frac- 
tion (AEF) calculated from the TOE images (AEF 
= EDA—ESA/EDA) was compared with the 
RNA ejection fraction (EF) where EF = EDV — 
ESV/EDV. Good correlations were found be- 
tween TOE log EDA and RNA log EDV (r= 
0.86), TOE log ESA and RNA log ESV (r = 0.92) 
and TOE AEF and RNA EF (r=0.96). This 
suggests that TOE short axis imaging at a mid- 
papillary muscle level is generally adequate for 
monitoring LV function during operation. 


KEY WORDS 


Monitoring: radionuclide angiography, transoesophageal 
echocardiography 


Transoesophageal two-dimensional echocardio- 
graphy (TOE) is being used increasingly as a 
method of monitoring global in addition to 
regional left ventricular function during surgery. 
‘Two-dimensional images resemble anatomical 
cross-sectional slices through the heart. The high 


quality of images obtained with high frequency, 
short-focus oesophageal transducers produces 
good definition of the endocardial borders and 
allows measurement of the area of the cardiac 
chambers. As images are recorded in videotape at 
a rate of 32 frames per second, vidzotape frames at 
end-systole and end-diastole may be selected 
specifically to measure the charge in left ven- 
tricular (LV) cavity size during a cardiac cycle. 

Starling’s Law of the heart, upcn which clinical 
management of LV function is based, relates 
myocardial tension, or work, to muscle fibre 
length [1]. However, clinicians have to rely upon 
a parameter of pressure to assess LV preload or 
“stretch”, As echocardiography provides dimen- 
sions of the heart it should be £ more accurate 
method of assessing LV preloed than central 
venous or pulmonary capillary wedge pressure. In 
addition, it allows the clinician t> observe myo- 
cardial contractility on a beat-to-beat basis. Be- 
cause the time required to obtain several views of 
the left ventricle distracts the araesthetist from 
his or her other duties, a single short axis imaging 
plane is generally maintained. This view also has 
the advantage of being the most useful single 
plane to detect regional wall moticn abnormalities 
with ischaemia [2]. 

Echocardiographically derived LV volumes 
correlate well with cineangiographic and RNA 
measurements, whilst echocardiographic esti- 


F. M. CLEMENTS, M.D ; D. H. HARPOLR, MD. ; T. QUILL, M.D. 3 
R. H. Jones, M.D.; R. L. McCann, M.C; Departments of 
Anesthesiology and Surgery, Duke University Medical 
Center, Durham, N.C. 27710, U.S.A. Accepted for Pub- 
lucation: August 2, 1989. 

Correspondence to F.M.C. 


332 


mates generally require several planar views of the 
heart [3,4]. Recording of multiple images and the 
calculations required are too time-consuming to 
be useful in the operating room. However, the 
validity of assessing LV size and function on the 
basis of a single imaging plane during major 
surgical procedures, particularly in patients with 
abnormal left ventricles, may be questionable. 
First pass radionuclide angiography has been 
validated as an accurate method of measuring LV 
volumes [5,6]. As RNA studies may be undertaken 
in the operating room using a portable camera, we 
have compared single-plane TOE area measure- 
ments of the left ventricular cavity with RNA- 
derived LV volumes. 


PATIENTS AND METHODS 


Following institutional review board approval, we 
studied 14 patients undergoing elective resection 
of infrarenal abdominal aortic aneurysm. There 
were 13 men and one woman, aged 55-82 yr. Five 
patients had a prior history of documented 
myocardial infarction. Two of these patients had 
a history of congestive heart failure. Simultaneous 
TOE and RNA images were attempted three to 
five times in each patient at different stages of the 
operation: before aortic cross-clamping, during 
aortic cross-clamping and after release of the 
clamp. Mechanical ventilation was interrupted 


during imaging. 
Transoesophageal echocardtography 


Following induction of anaesthesia and in- 
tubation of the trachea, a 64-element, 5-MHz 
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oesophageal transducer (Hewlett-Packard) was 
introduced into the oesophagus to obtain a short 
axis view of the LV at a mid-papillary muscle 
level. This was identifed by advancing the 
transducer from a plane transecting the mitral 
valve annulus to a plane at which the papillary 
muscles first became contiguous with the LV 
endocardial wall (fig. 1). 

At the specified times, short axis images were 
recorded on 12.5-mm videotape for later analysis. 
An electrocardiogram was recorded also on the 
videotape for identification of end-diastole and 
normal sinus rhythm. Images were analysed off- 
line by an investigator who was blinded to the 
RNA data. Three cardiac cycles were examined 
for each measurement, mean values being used for 
comparison with RNA data. Only sinus beats 
following sinus beats were used for analysis. For 
each cardiac cycle, end-diastole was selected as 
the videotape frame corresponding to the peak of 
the R-wave on the electrocardiogram. End-systole 
was selected as that frame with the smallest 
endocardial area following the diastole image. For 
the two selected frames, the endocardial border 
was traced on the videoscreen using software 
incorporated in the echocardiograph to provide 
the area of the LV at end-diastole (EDA) and end 
systole (ESA). The leading-leading edge method, 
described by Wyatt and colleagues [7], was used 
to trace the border. 

The area ejection fraction (AEF) was calculated 
from the formula: 


EDA—ESA 
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Fig. 1. Short axis images of the left ventricle at the level of the papillary muscles. a: End-diastole; 
B: end-systole. The endocardial borders have been traced; the cavity areas shown at the top mght of 
each image measure 15 2 cm? for end-diastole and 6.73 cm? for end-systole. 
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Fig. 2. Comparison of TOE area ejection fraction (AEF) and RNA gjection fraction (RNAEF). The 
regression line is based on the mean values for each of the 12 patients. 


Radionuclide imaging 

RNA studies were accomplished simultan- 
eously with echocardiographic imaging. Surgery 
was interrupted to position a Scinticor multi- 
crystal gamma camera over the left ventricle. First 
pass radionuclide angiograms were obtained with 
the injection of Technetium DPTA (diethyl- 
triaminepentaacetic acid) 10 mCi into an internal 
jugular venous cannula. Using commercially 
available software, images were analysed for LV 
EDV, ESV and EF. The accuracy and repro- 
ducibility of this technique have been established 
previously [5]. The investigator responsible for 
RNA measurements was unaware of the corres- 
ponding TOE measurements. 


RESULTS 


Imaging by TOE or RNA could not be completed 
in two patients: a good short axis view of the LV 
could not be obtained by TOE in one patient and 
there was a technical problem with the scanner, 
preventing RNA imaging, in the other. All 12 
remaining patients had infrarenal aortic cross- 
clamping during aneurysm resection. Their pre- 
operative RNA EF varied from 11 to 82%. With 
only three to five measurements in each patient, 
however, ejection fractions and LV volumes did 
not vary enough to establish an intra-patient 
correlation between TOE and RNA data. There- 
fore, the mean values for each patient were used to 
provide an inter-patient comparison of the two 
techniques over a broader range of values (figs 
2-4). 


Figure 2 shows the comparison of TOE AEF 
with RNA EF; the correlation coefficient is 0.96. 
Three patients with markedly reduced ejection 
fractions account for a clustering of data points 
in the lower range, whereas most patients had 
ejection fractions in the normal range. It may be 
seen that the TOE AEF tended to overestimate 
the ejection fraction at the lower range of values; 
however, the y intercept is not significantly 
different from zero. 

In order to compare TOE areas with RNA 
volurr.es, natural logarithms were used to compare 
EDA with EDV and ESA with ESV, as shown in 
figures 3 and 4. The correlation coefficient for 
end-diastolic measurement was 0.85 and that for 
end-systolic measurements was 0.92. 


DISCUSSION 


Measurement of EDA, ESA and AEF using TOE 
are simple to perform in the operating room and 
take only a few seconds. Thus we felt that it was 
useful to establish their relationship to a more 
accepted method of assessing left ventricular 
volume and ejection fraction. It is not surprising 
that a good correlation should be found between 
short axis area and left ventricular volume: Rankin 
and others have demonstrated that 87°% of the 
stroke volume is derived from fibre shortening in 
the short axis. [8]. However, the validity of single 
short axis estimates is more dubious in the 
abnormal heart. The patient population used in 
this study was typical for vascular surgery: most 
were older than 60 yr and several had documented 
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Fic. 3. Comparison of log TOE end-diastolic area (EDA) and log RNA end-diastole volume (EDV). 
The regression line is based upon the mean values for the 12 patients. 
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Fic. 4. Comparison of log TOE end-systolic area (ESA) and log RNA end-systolic volume (ESV). The 
regression line is based upon the mean values for the 12 patients. 


coronary disease with impaired left ventricular 
function and some LV asyneresis. In particular, 
three had severely impaired LV function, but even 
in these patients the correlation was well-main- 
tained. The slight overestimation of EF in patients 
with poor LV function probably resulted from the 
fact that there were areas of dyskinesia not 
observed on the papillary muscle short axis image 
in those patients. Thus LV volume may have been 
sequestered in non-visualized dyskinetic segments 
of the LV during systole. This would result in a 
slightly lower EF and RNA than the corre- 
sponding AEF. Unfortunately, none of our 12 
patients had an EF in the middle range of 30-40 % 
to complete the data in figure 2. Excluding the 
three patients with severely impaired LV func- 


tion, there is still a significant correlation between 
AEF and EF; however, we cannot be certain that 
the relationship is truly linear without having 
more data points. 

Of the accepted formulae now used to calculate 
LV volume from echocardiographic images, the 
most accurate would be considered a version of 
Simpson’s rule, requiring several different short 
axis planes and a long axis dimension; the simplest 
would be a calculation based on a single long axis 
view from which the length and area are measured, 
assuming an ellipsoid LV shape. With TOE it 
may be difficult to obtain a true long axis image, 
because it may not be technically possible to 
direct the ultrasound beam through the apex from 
the confines of the oesophagus. The apex also lies 
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in the far field of the sector scan and may not be 
well defined. Thus major errors can be introduced 
by an inaccurate long axis dimension. In addition, 
the long axis view is much less useful for assessing 
regional wall motion than the short axis image at 
the level of the papillary muscles. As the an- 
aesthetist uses TOE for monitoring both regional 
and global LV function, we felt that examination 
of the short axis image would be more applicable 
clinically. 

This correlation of TOE and RNA values also 
takes into account the fact that the position of the 
oesophageal transducer was adjusted periodically 
to retain the same short axis view. This is 
necessary because changes in the position of the 
heart may be incurred by packing of the abdomen 
and other surgical manipulations. The correct 
short axis plane could always be identified by 
reference to the origin of the papillary muscles 
and by ensuring that the LV cavity was circular in 
appearance rather than oval, which would indicate 
an oblique imaging plane across the LV. Various 
methods of tracing the endocardial borders have 
been used for quantitative measurements of 
echocardiographic images. The leading-edge to 
leading-edge method is the most accurate, as 
assessed by values obtained by direct measure- 
ment. This technique involves tracing along the 
edge of the endocardial border closest to the 
transducer. From the transoesophageal approach 
this implies the inferior and anterior wall endo- 
cardium. The lateral and septal parts of the 
endocardium lie in a direction almost parallel to 
the ultrasound beam: in this case the endocardial 
border is traced through its centre. By using the 
rolling ball method of tracing the border directly 
on the videoscreen rather than tracing with a wax 
pen and paper, errors caused by parallax are 
eliminated. Technically, it is much easier and 
more convenient. 

Although the conventional clinical standard for 
estimating LV preload is central venous or 
preferably pulmonary capillary wedge pressure, it 
is well known that these pressure measurements 
do not bear a linear relationship to measurement 
of LV end-diastolic volume. In our patients, when 
pulmonary artery diastolic pressure measure- 
ments were available, we found a poor correlation 
between pressure and either RNA EDV or TOE 
EDA. We chose to study patients having aortic 
aneurysm surgery in the hope that there would be 
significant variation in filling volumes and ejection 
fractions within each patient as a consequence of 
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aortic cross-clamping. Perhaps because of ag- 
gressive use of vasodilators and because aortic 
clamping was done at a relatively low level—below 
the renal arteries—we did not see a significant 
change in any patient. Thus we could not establish 
a correlation of TOE and RNA measurements 
over a wide range for each patient. 

Natural logarithms were used to compare TOE 
areas and RNA volumes. This permitted the 
use of a linear regression analysis. Otherwise, 
the curvilinear logarithmic relationship between 
the two variables makes comparison difficult to 
express. One would not expect areas and volumes 
to be related linearly; we could have plotted 
(TOE area)! against (RNA volume)? and this 
would have produced the same graphic appear- 
ance as figures 3 and 4, with different scales on the 
axes. We felt that a comparison of area and 
volume was more appropriate than deriving areas 
from the RNA volumes to compare with TOE 
areas, or deriving volumes from TOE areas to 
compare with RNA volumes. 

Quantitative evaluation of the echocardio- 
graphic image for the evaluation of LV preload is 
learned easily; however, a continuous display of 
the numeric value of the EDA is not yet available. 
Automated edge-detection may ultimately provide 
on-line display of the EDA and considerably 
enhance the value of this measurement to the 
clinician. 


In summary, we feel that our data support the use 
of a single short axis imaging plane for the clinical 
assessment of LV volume and ejection fraction. 
Existing software does allow rapid measurement 
of LV cavity area and thus area ejection fraction. 
This capability, in conjunction with cine loop 
image display, with which short axis images can 
be retained in memory for comparison with later 
images, makes TOE more attractive for moni- 
toring LV function. 
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MEMORY FUNCTION AFTER I.V. MIDAZOLAM OR 
INHALATION OF ISOFLURANE FOR SEDATION DURING 


DENTAL SURGERY 


E. T. F. HO, G. D. PARBROOK, D. M. STILL AND E. O. PARBROOK 





SUMMARY 


Memory function was assessed with a recog- 
nition memory test in 40 dental patients before 
and after sedation with iv. midazolam or in- 
halation of isoflurane. The two groups were 
comparable, but there was a significant im- 
pairment of memory (P < 0.001) at the time of 
discharge for both words and faces after mida- 
zolam, but not after isoflurane. 
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Sedation is necessary for some patients having 
oral surgical procedures. I.v. midazolam is an 
established and effective method. As an alterna- 
tive, inhalation sedation with isoflurane has been 
suggested as offering good sedation, flexibility of 
control and quicker recovery [1]. The amnesic 
effect of midazolam might be desirable for the 
procedure, but the duration of the impairment of 
memory is uncertain. A short duration of amnesia 
was suggested by Dundee and Wilson [2], whereas 
others suggested that a memory defect persisted 
for up to 5 h [3]. This duration of effect can cause 
concern when the patient is treated as an out- 
patient. As isoflurane gives quicker recovery it 
may cause less postoperative amnesia. We there- 
fore assessed the amnesic effect of the two methods 
of sedation in dental outpatients at the time when 
the patients were ready for discharge. 


PATIENTS AND METHODS 


Ethics Committee approval for the study was 
obtained. We studied 40 patients requiring sed- 
ation for oral surgical procedures. Patients with 


serious medical disease, taking a psychotropic 
drug or with mask phobia were excluded. Ex- 
planation of the trial was given to the patients and 
written consent obtained. 

It was arranged that, for a given patient, one 
anaesthetist administered the sedation while 
another made the pre- and postoperative assess- 
ments and memory tests. A blinded trial was 
impossible in view of the differences between the 
techniques. Observer blinding was precluded as 
the time criteria for discharge differed in the two 
groups. In addition, it would have been difficult to 
hide from an observer the signs of i.v. injection 
and a possible redness around the nose caused by 
the mask. 

To ensure that there was a balanced number of 
each sex in each group, the two methods of 
sedation were used alternately in male and female 
patients. 

The methods of administering the sedation, 
clinical assessments and monitoring during the 
procedures were the same as in a previous study 
[1], apart from two modifications. To obviate the 
slower induction of sedation found previously 
with isoflurane, 50% nitrous oxide was admin- 
istered for the first 2-3 min. Recovery and 
discharge criteria were modified to incorporate 
the repeat memory tests described below. 


Memory tests 


A recognition memory test developed by 
Warrington [4] was used. The test consists of 50 
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short words and 50 photographs of male faces 
printed individually on white cards and a set of 
two-choice recognition cards. For the purpose of 
our study we allocated the test cards randomly 
into two sets, each of 25 words and 25 photo- 
graphs. One set was used before and the other 
after the sedation and dental procedure. To avoid 
potential bias from possible differences between 
the two sets of cards, they were used alternately, 
every two patients, as the initial preoperative 
assessment. 

The patients were allowed 3 s to memorize each 
word or face. In the original test manual, the 
subject is required to respond “yes”? or “no” 
according to whether he judged each word and 
face to be “pleasant ” or “‘not pleasant”. This was 
to ensure that the subject attended to each item. 
In a preliminary assessment, the use of “not 
pleasant” had been found unsatisfactory in ner- 
vous dental patients so, as an alternative, we 
requested the patient to read out each word and 
acknowledge each photograph within the 3-s 
period. 

Memory retention was tested by two-choice 
recognition immediately after presentation of the 
25 words and 25 photographs. Each of the original 
words was paired with a similar word and each 
photograph with another similar photograph. The 
patient was required to indicate the correct word 
or face from each pair. The score was the number 
of correct answers. The order of the words and 
faces presented in the retention test was not the 
same as that shown initially and the left or right 
position of the correct answer in each pair was also 
randomized. 

The second memory retention test was given 
when the patient was ready for discharge. Patients 
in the midazolam group were detained a minimum 
of 1h after the i.v. injection to meet the manu- 
facturer’s data sheet recommendations. Based on 
a previous study [5], the isoflurane group was 
detained for a minimum of 20 min after its 
discontinuation. As this period did not include 
the operating time, the discharge times for the 
midazolam and isoflurane groups were compar- 
able. 

In addition to these fixed minimum criteria, the 
patient was not discharged until assessed as 
“street fit’? by postoperative recovery tests as 
follows. Ten minutes after operation, the patient 
sat up; if he was comfortable he tried standing. If 
he was steady, then a finger—nose test with the 
eyes closed was performed. Finally, if all the 
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previous tests were complete, the patient walked 
10m in a straight line, turned and came back. 
Appropriate tests were repeated at 5-min inter- 
vals until all were completed successfully and 
recovery time was taken as this point. The tapping 
test used in the previous trial was omitted; 
although it had been of value in studies in 
volunteers [5], it was not thought to be of sufficient 
value to use as a routine postoperative assessment 
in patients. 

As in the previous study, all patients were sent 
home with written instructions, accompanied by 
an escort and with a post-treatment questionnaire 
to be completed and returned later. 


RESULTS 


Six males and 34 females were included in the 
trial, three males and 17 females in each group. 
Twenty-five patients had extraction of wisdom 
teeth, nine had apicectomy, one a reduction of a 
tuberosity, one excision of a cyst and the re- 
mainder multiple extractions. The range of opera- 
tions was comparable in the two groups. 

There was no statistical difference in the age or 
weight of the two groups (table I). The Corah 
anxiety score [6], and the visual analogue anxiety 
scores before and after the procedure were 
comparable, as were the durations of operations 
and the time to injection of local analgesic. ‘The 
mean dose of midazolam was 5.5mg (range 
3-10 mg) and the concentrations of isoflurane 
after induction ranged from 0.4% to 1.2%. As in 
the previous trial, the recovery time was sig- 
nificantly shorter after isoflurane (P < 0.05; 


TABLE I. Demographic data and operative details (mean (SD)). 
VAS = visual analogue scale; LA = local analgesia. *P 
< 0.05 (Mann-Whitney U test) 


Midazolam Isoflurane 
group group 
Total number of patients 20 20 
Age (yr) 28.6 (11.0) 25.9 (6.5) 
Weight (kg) 59.3 (8.2) 62.1 (9.3) 
Corah dental anxiety scale 11.1 (4.6) 11.2 (4.2) 
Anxiety VAS (cm) 
Before operation 6.1 (2.3) 7.2 (2.3) 
After operation 1.0 (0.9) 1.3 (1.3) 
Duration of operation 33.2 (7.8) 35.9 (10.0) 
(min) 

Time to injection of LA 7.9 (1.9) 8.6 (3.0) 
(min) 

Recovery time (min) 19.5 (7.6) 15.0 (5.0)* 


AMNESIA AFTER SEDATION FOR DENTAL SURGERY 


Midazolam 


8 


an 


Mean memory score 


mH 


0 


WW dd 


339 


Isoflurane 


WW W’'’'WV\ 


Faces 


Fic. 1. Mean memory score (SEM) for words and faces before (C) and after (24) midazolam and 

isoflurane sedation. There was a significant reduction of both mean scores (***P < 0,001, Wilcoxon 

signed rank test) ın the midazolam group, and the reduction in scores in the midazolam group was 
greater than that in the isoflurane group (P < 0.001, Mann—Whitmey U test). 


Mann-Whitney U test), but the time for induction 
of sedation was not significantly different. 

Other general results mirrored those of the 
previous trial, both methods being equally satis- 
factory to the dental surgeon and patients. The 
incidence of postoperative side effects, assessed by 
a questionnaire, was similar in the two groups. 
Although 50% of the patients in the isoflurane 
group regarded the smell as pleasant, three 
reported the smell as unpleasant. 


Memory tests 

Eighteen patients recovered fully within the 
60 min stipulated after the i.v. midazolam and 
their second memory tests were carried out at that 
time. In the remaining two patients, recovery was 
delayed and their second tests were given at 68 
and 78 min. Similarly, 19 patients in the isoflurane 
group recovered fully and performed their second 
memory tests 20 min after ceasing to breathe 
isoflurane. One patient’s recovery was delayed 
and the second test was carried out 30 min after 
discontinuation of the isoflurane. 

There was a significant reduction in the mean 
memory scores after midazolam sedation, both for 
words and faces (P < 0.001 in each case; Wilcoxon 
signed rank test, Bonferroni correction). There 
was no significant change after isoflurane (fig. 1). 
The reduction in the mean scores in the mida- 
zolam group was also significantly greater than the 


change in the isoflurane group for both wores and 
faces (P < 0.001 in each case; Mann—Whitrey U 
test, Bonferroni correction). 

The overall results of the presedation scores 
showed that the two test sets of 25 cards were 
comparable. The mean retention scores for words 
were 23.0 (SEM 0.4) for set 1 and 22.9 (sem 0.4) for 
set 2, while for faces the scores were 21.0 (sEm 0.6) 
and 20.9 (SEM 0.7), respectively. The mean 
presedation score for faces was significantl~ less 
than that for words (P < 0.001; Mann—Whimey 
U test). The results of anxiety and memory tests 
showed no interrelationship. 


DISCUSSION 


With the decrease in demand for genera an- 
aesthesia during dental procedures, there has 
been an increase in the use of sedation techn. ques 
[7]. Ogg and his colleagues have drawn atteation 
to the possible legal implications if patiens are 
discharged with a defect of memory after day-case 
anaesthesia [8] and a similar concern for padents 
receiving sedation for dentistry indicates the-need 
for studies of memory retention. 

The learning and subsequent recall or r-cog- 
nition of words and diagrams have been used 
widely to test the effects of different psychoective 
drugs on immediate memory [9]. The recogrition 
memory test developed by Warrington [4] assesses 
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both verbal and non-verbal memory and the 
retention of both words and faces was affected 
equally after midazolam. Our study confirmed the 
ease of application of the test. None of the highly 
anxious patients we tested was distressed by the 
procedure. 

Previous studies of benzodiazepines indicate 
that amnesia is usual, but they do not appear to be 
in complete agreement regarding the duration of 
the effect. In a study of the amnesic effect of 
diazepam, Clarke and his colleagues used both 
recall and recognition of words and found the 
amnesia to be marked for 10 min, then receding 
over 30 min [10]. Dundee and Wilson found that, 
after midazolam 5 mg i.v., the effect on memory 
impairment lasted 20 min [2]. However, Skelly 
and her colleagues, when comparing diazepam 
and midazolam, found there was a significant 
impairment of memory after 5 h with both drugs 
[3]. Although the prolonged effect found by the 
latter workers could be a result of more sensitive 
testing, it might be caused by a greater dose of 
drugs (mean diazepam 26mg and midazolam 
13 mg), a8 memory impairment is dependent on 
dose [11]. The higher dose of benzodiazepine 
used was consequent upon the use of the “Verrill 
technique” of dental sedation [12,13]. In the 
present study a lesser dose of midazolam (mean 
5.5 mg) gave adequate sedation and only one of 
the patients had the degree of ptosis described by 
Verrill. Even with this lesser dose, the amnesic 
effect still persisted for at least 1 h. 

Isoflurane has been shown to be an effective 
alternative for dental sedation. Patients were 
assessed as street fit 10 min after treatment in one 
study [14] and in the present study we found no 
significant impairment of memory at the time of 
discharge, normally 20 min after operation. 

In conclusion, patients may have a memory 
deficit at the time of discharge after dental 
sedation with midazolam. Any instructions for 
patients should be given before sedation and in 
written form, and verbally to the escort who 
accompanies the patient home. Isoflurane is an 
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alternative technique for patients for whom a 
rapid return of memory is desired. 
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CYTOSOLIC FREE CALCIUM CONCENTRATIONS IN 
LYMPHOCYTES FROM MALIGNANT HYPERTHERMIA 


SUSCEPTIBLE PATIENTS 


H. ØRDING, B. FODER AND O. SCHARFF 


SUMMARY 


Halothane in concentrations exceeding 
7.2 mmol litre! increased (P< 0.05) the 
apparent intracellular concentration of calcium in 
lymphocytes from 12 patients being tested for 
susceptibility to malignant hyperthermia (MH) 
using the fluorescent Ca** indicator, fura2. There 
was no difference in [Ca**], between lympho- 
cytes from patients found to be MH susceptible 
(n= 5) on in vitro contracture testing with 
halothane and caffeine and those from MH 
negative patients (n = 6). Thus determination of 
[Ca**], in lymphocytes after exposure to halo- 
thane could not be used as a diagnostic test for 
MH susceptibility. 


` KEY WORDS 


~ 


Hypertherma: malignant. lymphocytes. lons calcium, 


intracellular Anaesthetics volatile- halothane. 


At present, the elective diagnosis of susceptibility 
to malignant hyperthermia (MH) can be made 
only by in vitro contracture tests, in which the 
tension of muscle specimens is measured before 
and after exposure to halothane and caffeine [1]. 
Because the contracture tests are both invasive 
and time-consuming, many non-invasive tests 
have been investigated but found wanting [1]. 
Klip and colleagues [2] observed that, after 
exposure to halothane, ionized calcium concen- 
tration was increased in lymphocytes from MH 
susceptible individuals, but not in normal con- 
trols. Ionized calcium was measured by the 
fluorescent calcium ion indicator quin2 [2]. Simi- 
lar results were obtained by the same group in 
Pietrain/Poland China pigs [3]. The involvement 
of tissues other than skeletal muscle has often 
been claimed in MH, but never been substantiated 
in humans and the observation of a halothane 


effect on human MH lymphocytes was of interest. 
Moreover, there was little overlap between the 
results from susceptible and non-susceptible 
humans and no overlap in pigs [2, 3]. Hence this 
method seemed promising as a non-invasive test. 

Contracture tests for MH susceptibility are 
established diagnostic procedures [4,5] and we 
therefore prospectively compared these tests with 
an alternative measure of lymphocytic calcium, 
the fluorescent Ca** indicator fura2 [6], in patients 
thought to be MH susceptible. 


PATIENTS AND METHODS 


Twelve consecutive patients tested for sus- 
ceptibility to MH at our institution were selected 
following the European MH Group’s protocol for 
the im vitro test [7] and its interpretation [8]. The 
diagnostic procedures and results have been 
described elsewhere [4,5]. Briefly, pieces of 
muscle 15-25 mm in length, diameter of 1-2 mm, 
were suspended in a@ tissue bath perfused with 
Krebs solution at 37 °C and bubbled with warmed 
5% carbon dioxide in oxygen. The specimens 
were stimulated electrically with supramaximal 
twitches of l ms duration at 0.2 Hz. Muscle 
tension was measured by a Statham transducer 
and recorded on paper. The specimens were 
exposed to either halothane (0.5, 1, 2 and 3%) or 
caffeine (0.5, 1, 1.5, 2, 3, 4 and 8 mmol litre). 
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The minimal drug concentration eliciting a sus- 
tained increase in tension of at least 0.2 g was 
determined (the threshold concentration). 

A patient was considered MH susceptible 
(MHS) if both halothane and caffeine thresholds 
were abnormal—halothane <2% and caffeine 
< 2 mmol litre™!. If halothane threshold was 3% 
or more and caffeine threshold 3 mmol litre or 
more, the patient was considered non-susceptible 
(MHN). In other cases the result was equivocal, 
and the patient classified as MHE. 

Informed consent was obtained from all 
patients. 


Measurement of cytoplasmic free calcium 


Freshly drawn citrated blood was centrifuged 
at 250 g for 15 min and the platelet layer removed. 
The sediment was resuspended in RPMI 1640 
(Gibco, Grand Island, NY, U.S.A.) supple- 
mented with antibiotics, glutamine, heparin and 
5% fetal calf serum. The peripheral blood 
lymphocytes were isolated by Lymphoprep (Ny- 
gaard, Oslo, Norway) gradient centrifugation and 
washed twice in supplemented RPMI 1640. 

Loading with fura2 was carried out by in- 
cubation for 30 min at 37°C in RPMI 1640 
containing 10% fetal calf serum, fura2acetoxy- 
methylester 5 pmol litre! (Calbiochem) and 
5x 10° cells ml~!. After centrifugation the cells 
were resuspended to 10° cells ml“ in Hepes buffer 
(NaCl 140 mmol litre, KCl 5 mmol litre“, 
MgCl, 1 mmol litre, glucose 5 mmol litre 
and Hepes 10 mmol litre~! (pH 7.4 at 37 °C)) and 
stored at room temperature for up to 2h with 
gentle shaking until measurement of fluorescence. 
Addition of CaCl, was postponed until the start of 
the individual experiment in order to diminish the 
tendency to aggregation of cells during storage. 

The concentration of cytosolic free Ca** 
({Ca**],) was determined by fluorescence measure- 
ments at 37°C with continuous stirring in a 
Perkin Elmer LS-3B spectrofluorometer with 
monochromator settings of 340 nm excitation and 
500 nm emission, using the equation: 


[Ca*],=K 
x (FF nin CO OSes = eS nin) Pe 


where K = 224 nmol litre is the apparent 
dissociation constant for Ca**-fura2 [9]. Maxi- 
mum (Fua and minimum (Faim) fluorescence 
were obtained by addition of ionomycin 1 pmol 
litre-! (Calbiochem) in the presence of Ca?t 
1 mmo! litre! and further addition of EGTA 
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10 mmol litre™!, respectively. The presence of 
extracellular fura2 during the experiments was 
unavoidable, and the extracellular fura2 fluores- 
cence was measured in the supernatant from 
centrifuged aliquots of cell suspension in the 
presence of Ca*+ 1 mmol litre? (Fex,,,) and 
further addition of EGTA 10mmol litre” 
(FeX min). 

Halothane (Halocarbon Laboratories, Inc.) 
freshly dissolved in dimethylsulphoxide (DMSO) 
was added in final concentrations of 0.6 mmol 
litre-, 1.2 mmol litre, 2.4 mmol litre! and 
4.7 mmol litre™!, respectively. The final DMSO 
concentrations was 2%. Halothane was stabilized 
with 0.01 % (w/w) thymol which was tested and 
found not to influence the experimental results 
(data not shown). 

For statistical analysis paired and non-paired 
Student’s ¢ tests were applied. P < 0.05 was 
considered significant. 


RESULTS 


Preliminary experiments on lymphocytes ob- 
tained from blood donors showed that the method 


of administration of halothane was of great 
importance. Addition of 4] ml" of undiluted 
halothane as described by Klip and colleagues 
[2] gave variable increases of [Ca**],, and small 
drops of halothane were seen at the bottom of the 
cuvette irrespective of how slowly the halothane 


PR 
E 2 


100 
0 4 8 12 
Time (min) 
Fra.1. Effect of halothane on fluorescence of fura2 in control 
lymphocytes. CaCl, 1 mmol litre™! was added at 1 min. At 


b 


3 min DMSO 40 phitre (a) or halothane in DMSO 40 ultre ` 


(final concentration 4.7 mmol litre!) (b and c) was added 
over 15 s. Further addition of MnCl, 0.2 mmol litre! (a and 
b) or ionomycin 1 pmol litre! (c) was made at 8 min. 
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TABLE I. Data of 12 patients investigated for suscepniility to MH. MHS = MH suscepuble; MHN = MH non-susceptible, 
. MHE = MH equivocal, Ab. MH = Abortwwe MH in patient; Fulm. fam. = fulmanant MH m famly; Ab. fam. = abortwe MH 
in famnly. (Effect of DMSO alone not subtracted) 





Threshold concen 


Caicum (nmol litr274) 


Patient MS Age Halothane Caffeine — Reason for 


No status Sex (yr) CH) (mmol litre™?) — Hal. +Ha. investigation 

1 MHN F ll >3 3.0 105 307 Ab. MH 

2 MHN F 35 >3 3.0 118 361 Ab. fam 

3 MHN F 41 >3 3.0 89 202 Ab. fam. 

4 MHN M 49 >3 3.0 98 273 Fulm. fam 

5 MHN F ll >3 3.0 81 221 Ab. MH 

6 MHN M 65 >3 3.0 147 383 Fulm fam. 
Mean (SD) 35 (21) 106 (24) 291 (733) 

7 MHS M 45 0.5 0.5 108 261 Fulm fam. 

8 MHS M 53 2.0 1.5 96 244 Ab. fam. 

9 MHS M 50 2.0 2.0 120 232 Fulm. farn. 

10 MHS F 35 0.5 0.5 120 308 Ab. fam. 

1} MHS M 37 1.0 1.0 102 233 Ab. fam 
Mean (SD) 44 (8) 109 (11) 256 (22) 

12 MHE F 47 1.0 3,0 90 220 Fulm. fam. 


was added or how vigorous the stirring. Thus the 
halothane concentration in the aqueous phase 
was variable and less than the intended 38 mmol 
litre! Consequently, the anaesthetic was dis- 
solved in 40 volumes of DMSO before addition 
and added very slowly (15 s). This method gave 
more reproducible results, and an increase in 
[Ca**], was observed at lesser concentrations of 
halothane. Comparing calcium concentrations 
after the two different methods of adding halo- 
thane, we found [Ca**], was less following un- 
diluted halothane. Accordingly, halothane dis- 
solved in DMSO was used for the definitive 
study. 

Figure 1 shows typical fluorescence traces in 
control lymphocytes. Addition of CaCl, 1 mmol 
litre“ -at 1 min and halothane 4.7 mmol litre7? 
(dissolved in DMSO) or DMSO alone at 3 min 
increased fluorescence. Maximum fluorescence 
was obtained by addition of the calcium ionophore 
ionomycin. An increase in fluorescence may be 
caused by increase in the concentration of cyto- 
solic free Ca** or an increase in extracellular fura2, 
as extracellular fura2 is saturated with Ca?*. 
Addition of Mn** at 8 min caused an immediate 
reduction in fluorescence because of quenching 
induced by binding of Mn?* to extracellular 
fura2, displacing Ca*t. The Mn** decrease in 
fluorescence was 17% (SD 10%, n = 9) greater 
with halothane 4.7 mmol litre than with DMSO 
alone (P < 0.05). This indicates that part of the 


increase in fluorescence seen after helothane might 
be caused by increase in extracellular fura2. Jn the 
experiments on lymphocytes from patients, extra- 
cellular fura2 was determined by centrifugation of 
cell suspension without addition of halothane. 
The [Ca?*], concentrations calculeted were not 
corrected for this possible halothan= effect on the 
extracellular fura2 concentration ard are referred 
to, therefore, as apparent [Ca**], concentrations. 
With halothane 4.7 mmol litre"! abcut 50 % of the 
increase in fluorescence could be the result of a 
halothane-induced increase in extracellular fura2. 

Of the 12 patients tested for MH 3usceptibility, 
five were found to be MH susceptitle (MHS), six 
non-susceptible (MHN), and one [AH-equivocal 
(MHE). Indications for investigaztion, sex and 
age, results of the im vitro tests and ceterminations 
of apparent [Ca**], are shown in table I. No 
significant differences were found between MH 
susceptible and non-susceptible pat.ents concern- 
ing age or apparent [Ca], in lympnocytes either 
before or after exposure to halothane 4.7 mmol 
litre (P > 0.3). Increases in apparent [Ca**], in 
lymphocytes compared with halothane dose are 
shown in figure 2. Halothane in concentrations 
greater than 1.2 mmol litre“! increased apparent 
[Ca?], (P < 0.05, DMSO vs halcthane 2.4 or 
4.7 mmol litre!). There was no difference be- 
tween MHS and MHN patients in the magnitude 
of this increase in apparent [Ca**], <P > 0.1). 


È 


increase of [Ca**], (nmol ktre’!) 


0 
0 1 2 3 4 5 


Halothane concn (mmol litre”) 
Fig. 2. Halothane-induced increases in apparent [Ca?*], in 
lymphocytes from five MHS (©) and sıx MHN (@) patients 
(mean (SD)). The increase induced by DMSO alone (35 (13) 
nmol litre7!) has been subtracted, 


DISCUSSION 


In the present study, measurements of the ionized 
calcium concentration [Ca**], in lymphocytes 
before and after exposure to halothane could not 
be used to distinguish MH susceptible (MHS) 
from MH non-susceptible (MHN) patients. Halo- 
thane increased intracellular calcium concen- 
trations in all patients (fig. 2). This finding could 
be caused by failure of the applied contracture 
tests, lack of sensitivity of the lymphocyte test 
under our test conditions or absence of the defect 
causing MH from the lymphocytes. As the 
contracture tests with halothane and caffeine are 
generally viewed as the most reliable diagnostic 
tests for MH [1, 10], the present results cannot be 
explained by failure of the contracture tests. 
The discrepancy between the present study and 
those of Klip and colleagues [2, 3] is difficult to 
explain. However, several aspects are different, 
concerning both MH diagnosis and calcium 
determinations. For example, Klip’s group used 
alternative criteria for a positive contracture test, 
including the combined halothane—caffeine test, 
which we have found of less value for MH 
diagnosis [5]. In their study of pigs, two breeds of 
susceptible and non-susceptible pigs (Pietrain and 
Poland China, respectively) were used [3], which 
may have resulted in a false positive difference. 
The calcium ion indicator, fura2, has been used 
to estimate ionized calcium concentrations in 
muscle tissue from MH susceptible and normal 
German Landrace pigs [11]. Measured calcium 
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concentrations correlated well under varying 
circumstances with contractures observed at the 
same time. The contracture tests used the same 
procedure as in the present study. The fura2 
technique appears to give a reliable estimate of 
calcium concentrations, and be useful especially 
for detecting relative changes in calcium concen- 
trations. However, there are many factors influ- 
encing calcium determinations with fluorescent 
dyes, which are difficult to control [12]. These 
include photolability, compartmentation of the 
dye, leakage from the cells and incomplete 
hydrolysis of the dye precursor [13]. We cannot 
exclude the possibility that such factors influenced 
our results. 

We found an increase in apparent [Ca**], 
following exposure to halothane in concentrations 
> 1.2 mmol litre +. This could result from in- 
creased cell membrane permeability, allowing 
increased flow of calcium into the cell, along its 
concentration gradient, release from internal 
calcium stores or an increase in extracellular 
fura2. It is not possible to determine the relative 
importance of these mechanisms for the observed 
increase in apparent [Ca**],. However, we did 
observe a halothane-induced increase in extra- 
cellular fura2 (fig. 1), and at halothane 4.7 mmol 
litre? about half of the increase in florescence 
could be the result of halothane-induced increase 
in extracellular fura2. 

One major problem in the present study was the 
application of halothane which was not discussed 
by Klip and colleagues [2,3]. They added 
undiluted halothane to the cuvette, and calculated 
its concentration as 38 mmol litre’, which is in 
excess of that seen in clinical anaesthesia. In the 
study by Iaizzo, Klein and Lehmann-Horn on 
myoplasmic calcium {11], clinical concentrations 
of halothane in carbogen were bubbled through 
the bath, thus avoiding the problems we encoun- 
tered. We had difficulty in achieving dispersion 
of halothane 38 mmol litre~! in the test solution, 
and tried several methods, but always found small 
droplets of halothane at the bottom of the cuvette. 
Moreover, our determinations of [Ca?*], varied 
considerably with these methods. Consequently, 
we dissolved the halothane in DMSO, which gave 
more reproducible results. As an increase in 
calcium was observed at lesser concentrations of 
halothane with this method, we used concen- 
trations of halothane up to 4.7 mmol litre"? which 
is also closer to those attained under clinical 
conditions. We cannot determine if the differences 
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in experimental design between the study of Klip 
and colleagues [2] and our own could account for 
the differing results. However, in a recent 
abstract, Smiley, Greenberg and Silverstein 
reported results similar to our own [14]. 

‘The primary defect causing MH is unknown, 
but is thought to involve the control of in- 
tracellular calcium concentration in muscle tissue 
[15]. As the MH defect in humans has never been 
demonstrated in other tissues and we found 
similar increases in apparent [Ca**], in MH- 
susceptible and normal subjects, we believe that 
the defect causing MH either is not present or is 
not expressed in the lymphocyte. 


In conclusion, we found that determination of 
intracellular calcium concentrations using the 
calcium indicator, fura2, in lymphocytes following 
exposure to halothane, could not be used for 
diagnosis of MH susceptibility. 
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BODY TEMPERATURE AND ANAESTHESIA 


M. M. IMRIE AND G. M. HALL 


The processes of anaesthesia and surgery at- 
tenuate normal homeostatic thermoregulation and 
impose large thermal stresses. The resulting 
changes in body temperature may be detrimental 
and it is important, therefore, that anaesthetists 
understand normal thermoregulation and the 
ways in which this process may be affected by 
anaesthesia. 


PHYSIOLOGY OF TEMPERATURE REGULATION 
Why thermoregulate ? 


The velocity of enzyme catalysed reactions 
increases with temperature to a maximum beyond 
which enzyme activity decreases because of pro- 
tein denaturation. Many biological reactions have 
a 10 °C temperature coefficient (Q,,) of 2; that is, 
their rate of reaction doubles for a 10°C tem- 
perature increase [62]. In mammals, protein 
denaturation begins at about 42 °C and internal 
temperatures at or above this value can be 
tolerated only briefly. At the other end of the 
scale, ice crystals form in mammalian cells at 
—] °C and physical disruption of the cells occurs 
[82]. In intact animals, vital organ function 
becomes critically impaired at internal temper- 
atures much higher than freezing; for example, 
consciousness is lost in man at 30°C and death 
often occurs at temperatures less than 25 °C as a 
result of ventricular fibrillation. Accurate main- 
tenance of the internal temperature at a value 
close to the optimum for enzymatic activity 
bestows many benefits, including a constant high 
rate of metabolism, rapid nervous conduction and 
muscular contraction, decreased viscosity of blood 
and, perhaps most importantly, freedom from the 
constraints of environmental conditions. 


KEY WORDS 


Temperature’ body, cooling, heating, metabolism, moni- 
toring 


Homeothermy 


Homeothermy is defined by The Thermal 
Physiology Commission of the International 
Union of Physiological Sciences as “a pattern 
of temperature regulation in which the cyclic vari- 
ation in core temperature, either nychthermally or 
seasonally, is maintained within arbitrary limits of 
+2 °C despite much larger variations in ambient 
temperature” [25]. Only mammals and birds 
conform to this definition; however, all other 
vertebrates exhibit some degree of thermal re- 
gulation, mediated usually by behavioural re- 
sponses [20]. 

Homeothermy involves sensing body tempera- 
ture and appropriately driving the mechanisms 
controlling heat loss and gain so as to maintain a 
normal value for temperature. Thus thermo- 
regulation is a closed-loop system. 


Thermal balance 


Homeothermy is achieved by balancing heat 
gains with heat losses. Within a range of ambient 
temperatures this may be achieved without meta- 
bolic expenditure, by control of peripheral vas- 
culature. Beyond the limits of this “‘thermoneutral 
zone” (approximately 20-35 °C in resting adults), 
energy must be expended in order to maintain 
thermal balance. 

Heat gains. ‘These can be considered as obliga- 
tory or facultative. Obligatory heat gains are those 
occurring independently of thermoregulation and 
imposing demands upon it. This includes the heat 
derived from basal metabolism (167 kJ m~? h~? 
(40 Cal m~? h-1)), feeding (8% of ingested en- 
ergy), storage and growth. However, the major 
source of metabolic heat is muscular exercise; 
light exercise (walking) results in a three- to five- 
fold increase in metabolic rate above basal and 
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severe exercise can produce up to 20-fold in- 
creases. 

Facultative heat gains are those available to 
thermoregulation as a means of restoring thermal 
balance and may be classified as shivering and 
non-shivering. Shivering may produce four- to 
six-fold increases in heat production [31]; 80 % of 
the heat produced is retained by the body, 
compared with 50 % for voluntary exercise. Non- 
shivering thermogenesis is any source of fac- 
ultative heat production other than shivering. 

Neonates have large quantities of brown adi- 
pose tissue over the neck, upper part of the back 
and around thoracic and abdominal viscera. 
Activation of brown adipose tissue in human 
neonates may cause two- to three-fold increases in 
metabolic rate. Brown fat is controlled by the 
hypothalamus via sympathetic nerves and cir- 
culating catecholamines. In humans older than 
l yr, brown fat is probably unimportant as a source 
of heat production [26]. 

Heat losses. Heat is lost from the body only at 
points of contact with the environment, that is, 
the skin and respiratory tract. At rest, 75% of 
basal heat production is lost by convection, 
conduction and radiation from the body surface. 
Of these, convection is the largest component and 
conduction is usually minimal. Losses by in- 
sensible perspiration and through the respiratory 
tract account for the remaining 25% in approx- 
imately equal amounts. 

Sweating is the major source of heat loss under 
thermoregulatory control. The maximum rate of 
sweating is of the order of 2 litre h~t; this gives a 
calculated heat loss of about 2.7 MJ m h~ (650 
Cal m~? h-!) or about 15 times basal heat pro- 
duction. Sweating is exhaustible and maximum 
daily sweat production is about 5 litre. 


Heat storage 


The body is not in a continuous state of heat 
balance; net gains or losses result in changes in 
the overall heat content of the body, normally 
with little or no change in the core body 
temperature. This is brought about by changes in 
the temperature of the “body shell” (those parts 
of the body in contact with the environment and 
hence usually at a lower temperature than the 
body core). 


Temperature receptors 


There is growing evidence that temperature 
receptors exist in many body tissues. They can be 
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classified into two main groups: central, which 
sense the temperature of the body core, and 
peripheral, which sense the temperature of the 
body shell and environment. 

Central thermoreceptors. It is well recognized 
that the anterior hypothalamus is temperature 
sensitive and it was thought that hypothalamic 
temperature contributed more than 60% of the 
total thermoregulatory input [[3, 4]. More re- 
cently, it has become apparent that many body 
tissues contain temperature receptors, including 
the spinal cord, the midbrain, the lower brain 
stem, abdominal organs and skeletal muscle, and 
the concept of the hypothalamus as the sole sensor 
of core temperature has given way to one of 
multiple thermal inputs with the hypothalamus 
contributing perhaps as little as 20% of the total 
[76]. 

It is not known whether central thermo- 
reception is accomplished by specific single cells 
or if it is a result of temperature dependent 
changes within neural networks. 

Peripheral thermoreceptors. Recordings from 
afferent cutaneous nerves show clearly that spe- 
cific warm and cold receptors exist in the skin. 
The histological nature of these receptors is 
unknown, as are the mechanisms responsible for 
the transduction of temperature into nervous 
activity. It has been suggested that cold sensitivity 
results from the activity of a ouabain-sensitive, 
sodium—potassium ATPase, while warm sensi- 
tivity is attributable to the different temperature 
coefficients of sodium and potassium membrane 
permeabilities [9]. Cold impulses travel mainly in 
A-delta fibres. Discharge in these fibres begins at 
skin temperatures of about 40 °C and is maximal 
(8-14 impulses per second) at 25-30 °C. Below 
25 °C the mean frequency of discharge remains the 
same, but burst activity becomes more common. 
This burst activity may be the means of encoding 
thermal information at low temperatures. Above 
45 °C, cold receptors show a paradoxical increase 
in discharge frequency. Warm impulses are 
transmitted in C fibres. Discharge begins at about 
30-35 °C and is maximal at 40-45 °C. Warm 
receptors do not exhibit burst discharge. 

In addition to steady rates of discharge for a 
given temperature, peripheral thermoreceptors 
also demonstrate accommodation (a declining 
response to a steady thermal stimulus) and 
patterns of discharge related to the rate of change 
of temperature [14, 55]. Studies of human thermal 
sensibility indicate that patterns of discharge in 
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single warm or cold fibres are insufficient to 
account for the observed level of subjective 
thermal discrimination and some degree of central 
processing must occur [14]. 


Input-output coupling 

In mammals, integration of thermal input and 
control of effector organs is performed primarily 
by the hypothalamus, although a certain degree of 
processing of thermal input occurs in the spinal 
cord, and some limited thermoregulatory re- 
sponses are possible at spinal segmental level. It 
appears that thermoregulation utilizes ‘‘loose”’ 
input-output coupling such that a given stimulus 
may provoke one of several different effector 
responses. For example, in animal experiments, 
cold stress may result in the behavioural response 
of selection of a warm environment or the 
autonomic response of shivering [76]. The role of 
the hypothalamus in thermoregulation is often 
likened to a thermostat; however, the biological 
correlate of the thermostatic set point remains 
unknown. There is no evidence for a neural 
reference signal with which the integrated thermal 
input is compared, and it has been suggested that 
a balance of warm and cold thermal inputs creates 
a dynamic set point [76]. 


ANAESTHESIA AND TEMPERATURE REGULATION 


During anaesthesia and surgery, several factors 
combine to interfere with normal thermo- 
regulation. These include abolition of behavioural 
responses, attenuated hypothalamic function, re- 
duced metabolic rate, reduced effector responses 
and abnormally large thermal stresses. 

General anaesthesia totally abolishes the be- 
havioural responses which form such an important 
part of normal thermoregulation. Local anaesth- 
esia also impairs behavioural responses although, 
if unsedated, the patient can at least complain if 
he/she feels too cold or too hot. 


General anaesthesia 


The loss of consciousness during general an- 
aesthesia abolishes thermal sensation, but it is 
generally held that the sensitivity of thermo- 
receptors is not impaired [21]. The effect of 
anaesthesia on the various effector systems has 
never been studied directly. With the exception of 
Ketamine, all general anaesthetic agents impair 
thermoregulation, presumably by attenuation of 
hypothalamic function. The effect of this is to 
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widen the range of core temperatures over which 
no thermoregulatory responses occur. That ther- 
moregulatory responses are still possible during 
anaesthesia has been known since the first at- 
tempts at surface hypothermia, when reductions 
in core temperature were limited in spontaneously 
breathing patients by severe shivering [42]. Re- 
cently, the phenomenon of thermoregulation 
during anaesthesia has been rediscovered by 
observation of vasoconstriction in hypothermic, 
but not in normothermic, patients [65, 66]. It is 
not known if these responses represent “‘normal”’ 
thermoregulation at a lower set point. Studies 
comparing different anaesthetic techniques have 
failed to demonstrate significant differences in 
heat losses [27, 28, 52, 67], with the exception of 
ketamine, which seems sparing of thermo- 
regulation [15, 30], and ether anaesthesia, during 
which increases in body temperature were ob- 
served in children undergoing facial surgery [51]. 

Other agents given during anaesthesia also have 
major effects on thermal balance. Neuromuscular 
blocking drugs abolish shivering and it has been 
observed that paralysed patients cool more rapidly 
than non-paralysed patients, although this may 
relate more to the type of surgical procedures 
performed than to the use of myoneural block 
[18]. Vasodilators redistribute body heat to the 
peripheral tissues and increase the potential for 
loss of heat to the environment. Opioids, bar- 
biturates, phenothiazines and butyrophenones 
have central and peripheral actions tending to 
decrease body temperature. 

The pattern of temperature change during 
general anaesthesia is well documented and con- 
sists of an initial large decrease in core body 
temperature on induction of anaesthesia and for 
the first 1 h, with a slower reduction in core 
temperature thereafter. The initial change is 
caused partly by redistribution of heat to the 
periphery and is variable in size; the subsequent 
reduction is caused entirely by loss of heat to the 
surroundings and in several studies has been 
measured at approximately 0.3 °C h™ [18, 28, 33, 
48, 57, 71, 81]. Estimates of net heat loss during 
anaesthesia have been remarkably consistent at 
42-67 kJ ht (10-16 Cal h-) [18, 27, 69, 71, 72]. 
Higher rates of heat loss have been observed in 
the elderly [18]. 


Local anaesthesia 


Hypothalamic thermoregulation remains intact 
during regional anaesthesia, but abnormal heat 
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losses produced by vasodilatation, combined with 
impairment of shivering in the area of the block, 
and rapid i.v. infusion of cold fluids, may result in 
core hypothermia. If the patient is not sedated he 
or she complains of feeling cold; vasoconstriction 
and shivering occur above the level of the block. 

There were no differences in the changes of 
aural temperature or total body heat when 
extradural analgesia was compared with four 
different general anaesthetic techniques during 
pelvic surgery. However, rewarming during the 
recovery period was prolonged, presumably be- 
cause of decreased ability to shiver and continuing 
increased heat losses [28]. The shivering seen 
commonly during obstetric extradural anaesthesia 
may not be thermoregulatory in nature. There is 
often no sensation of cold in these patients as 
would be expected during normal thermo- 
regulation. It has been suggested that stimulation 
of spinal cord thermoreceptors causes the shiver- 
ing, but in volunteers 80 ml of ice-cold saline 
injected extradurally produced no effect [56]. It 
has been proposed also that differential block of 
warm and cold nerve fibres may be the cause; 
however, one would again expect a sensation of 
cold to occur if this were the case. It has been 
observed recently that women having extradural 
analgesia in labour have higher vaginal and oral 
temperatures than those receiving pethidine, and 
the authors suggested that this may be caused 
either by decreased sweating in the area of the 
block or by some effect of the extradural analgesia 
in increasing heat production [17]. 


Thermal stresses 


Cold operating theatres, skin preparation lo- 
tions, irrigating fluids, i.v. fluids and dry an- 
aesthetic gases combine with exposure of body 
viscera to impose large thermal stresses on 
patients. 


Recovery 


Mild hypothermia (core temperature > 33 °C) 
during anaesthesia is of little consequence per- 
operatively [44], but any heat debt incurred must 
be repaid during the recovery period when 
thermoregulatory function is restored. Unless 
active measures are taken to prevent shivering in 
the recovery period, large increases in oxygen 
consumption occur and can lead to hypoxaemia 
[1, 10, 58, 63]. 

The best method of preventing shivering in the 
recovery period is to avoid peroperative hypo- 
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thermia [32]. It has been suggested, on the basis of 
different electromyographic patterns, that tremor 
occurring during emergence from anaesthesia is 
unrelated to thermoregulatory shivering [64]. 
These authors viewed emergence tremor as the 
result of disinhibited spinal reflexes. In animals, 
however, recovery from anaesthesia is associated 
with a period of hypersensitivity of the hypo- 
thalamus to local cooling, so that exaggerated 
thermoregulatory responses may offer an alterna- 
tive explanation [21]. 

The simplest and most effective method of 
treating post anaesthetic shivering is skin warming 
with a radiant heater [74]. Methylphenidate and 
opioids are only partially successful in inhibiting 
shivering and periods of postoperative paralysis 
and ventilation are used commonly to allow time 
for passive rewarming following major surgery 
and in patients with limited cardiorespiratory 
function [60, 61]. 


MEASUREMENT OF BODY TEMPERATURE 
Thermometry 


The probes used most commonly are thermo- 
couples or thermistors with an accuracy of 
+0.1-0.2 °C, which is more than adequate for 
clinical use. Liquid-in-glass and liquid crystal 
thermometers, while sufficiently accurate, are not 
available in forms which allow core body tem- 
peratures to be measured and are of little use in 
anaesthesia. 

Deep body thermometers have recently been 
described which heat the skin to produce an 
area of zero thermal flow between skin and 
subcutaneous tissues and hence obtain an estimate 
of deep body temperature [16, 77,79]. Static 
temperatures measured with deep body thermo- 
meters correlate well with other measures of core 
temperature, but a slow response to thermal 
transients makes them unsuitable for clinical ana- 
esthesia in their present form [49]. 


Sites of measurement 


Body temperature is monitored during an- 
aesthesia to ensure that thermal balance is main- 
tained and to detect the onset of malignant 
hyperthermia. To document thermal balance 
adequately, it is necessary to record both core and 
peripheral temperatures, in order to estimate 
whole body heat (see below). This is done rarely, 


350 


if ever, except in a research setting; usually one of 
the following measures of core body temperature 
ig used. 

Oesophageal. The lower 25 % of the oesophagus 
gives a reliable approximation of blood and 
cerebral temperature, provided that the thoracic 
cavity is not open. Readings from elsewhere in the 
oesophagus are influenced by the temperature of 
the inspired gases. A distance of 24 cm beyond the 
corniculate cartilages has been recommended as 
the minimum in adults, and a formula has been 
derived for use in children [84-86]. Alternatively, 
positioning at the site of loudest heart sounds, as 
heard through an oesophageal stethoscope, has 
been used. This site is not suitable for use in the 
awake patient. 

Nasopharyngeal. A temperature probe po- 
sitioned behind the soft palate gives a less reliable 
measure of cerebral temperature than a correctly 
positioned oesophageal probe [87]. Accurate po- 
sitioning and fixation are difficult and leakage of 
gases around a tracheal tube may influence the 
measurements [23]. 

Rectal. Despite having been shown to be 
inaccurate and misleading, the rectum remains 
one of the most commonly used sites for meas- 
uring core body temperature. Rectal temperature 
is influenced by heat-producing gut flora, blood 
returning from the lower limbs and insulation of 
the probe by faeces. It is commonly 0.5~1 °C 
higher, and responds to changes more slowly, 
than other measures of core temperature [2, 12]. 
Rectal temperature is not suitable for use as a 
clinical monitor of core body temperature during 
anaesthesia in adults, especially when early de- 
tection of malignant hyperthermia is the primary 
objective. 

Bladder. Temperature probes inserted in in- 
dwelling urinary catheters have been used to 
measure core body temperature and, while more 
accurate than rectal measurements, they are 
expensive, invasive and are subject to the same 
slow responsiveness if urine flow is less than 270 
ml h~ [6, 12, 29, 73]. 

Tympanc membrane. The tympanic membrane 
and aural canal temperatures provide a rapidly 
responsive and accurate estimate of hypothalamic 
temperature and correlate well with oesophageal 
temperature [2,12]. Damage to the tympanic 
membrane has been reported following the use of 
tympanic membrane probes, so the aural canal is 
now the preferred site. The probes are tolerated 
well by patients and so provide a means of 
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measuring core temperature before induction of 
anaesthesia and in the recovery period. 

An infra-red tympanic membrane thermometer 
has been described which eliminates the possi- 
bility of tympanic membrane damage and would 
seem ideal for use when intermittent measurement 
of core temperature is all that is required [75]. 

Blood. The thermistors of pulmonary artery 
catheters enable continuous measurements of 
blood temperature to be made and provide the 
best estimate available of core body temperature. 

Muscle. In animal experiments, muscle tem- 
perature was found to indicate the onset of 
malignant hyperthermia before any other core 
temperature measurement [41]. It is obviously 
not practical to monitor muscle temperatures in 
every patient undergoing anaesthesia, and end- 
tidal carbon dioxide partial pressure may provide 
a more reliable and earlier warning of the onset of 
malignant hyperthermia [19]. 

Skin. Measuring the temperature of the skin at 
a single site gives no information other than the 
temperature of that area of skin. More specifically, 
neither mean skin nor body core temperature can 
be derived from a single measurement of skin 
temperature. The use of multiple skin sites 
enables a weighted mean value for skin tem- 
perature to be derived and hence a value for total 
body heat [59]. 


CALCULATIONS AND ASSUMPTIONS 


Mean skin temperature 


The several different schemes for calculating 
mean skin temperature from individual measure- 
ments have been assessed during anaesthesia and 
in the recovery period [27,70]. Accurate esti- 
mations of mean skin temperature require meas- 
urement at 10 or more sites. However, when 
compared with a 15-site method, the four-site 
method of Ramanathan was found to give 89% 
agreement within 1 °C [70] and was later shown to 
have 95% confidence limits of 0.2 °C at 33°C 
[27]. Therefore, if access to measurement sites is 
limited, the formula of Ramanathan offers an 
acceptable alternative. There has been no as- 
sessment of these formulae during the use of 
active warming techniques when large variations 
in regional skin temperatures might be expected, 
for example, with warming mattresses or radiant 
heaters. 
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Mean body temperature 
This is generally calculated as: 


Tbody = (0.66 x Tcore) + (0.34 x Tskin) 


where Tbody = mean body temperature; Tcore 
= core temperature; Tskin = mean skin tempera- 
ture. This has been verified for use in hot and 
neutral, but not in cold environments [11]. 


Total body heat 
The heat content of a body is: 


mean temperature x weight x specific heat 


The specific heat of the human body is taken as 
3.475 kJ °C? (0.83 Cal °C!) and the formula 
becomes [8]: 


Total body heat = 
T body x weight (kg) x 3.475 kJ [8] 


METHODS OF CONTROL OF BODY TEMPERATURE 
DURING ANAESTHESIA 


Ambient temperature 


Morris [45—48] demonstrated that, if the oper- 
ating theatre temperature was maintained greater 
than 24 °C, all patients remained normothermic 
during anaesthesia (oesophageal temperature > 
36 °C). At ambient temperatures less than 21 °C 
all patients became hypothermic while, between 
21 and 24 °C, 70% of patients remained normo- 
thermic. Several other workers have failed to 
corroborate these findings [19, 57, 78] and other 
factors such as humidity and airflow are probably 
also important. 


Humidifiers 

The latent heat of vaporization of water is 
2.45 kJ ml-1 (585 Cal ml“). The administration of 
dry anaesthetic gases which must be humidified in 
the lungs results in loss of heat from the body 
which may be calculated as 6.45 kJ h"'/litre of 
minute ventilation (1.54 Cal h-’/litre of minute 
ventilation). This loss of heat can be totally 
prevented by adequate humidification of the 
inspired gases. Experimentally, use of heated 
humidifiers to supply inspired gases fully sat- 
urated at 37 °C results in a reduction in net heat 
losses of 58.6 kJ h! (14 Cal h`?) in dogs [68] 
and 44.38-66.98 kJ h~! (10.6-16 Cal h`} in man 
[33, 69, 71, 72]. It can be seen from the above that 
these heat savings are almost sufficient to restore 
thermal balance during anaesthesia [5, 54]. 


351 


The most efficient of the heat and moisture 
exchangers are capable of delivering gases at 
27°C and 85% relative humidity with non-re- 
breathing systems, and 29°C and 99% relative 
humidity with a circle system [83]. This results in 
savings of 3.22-4.19 kJ h-'/litre of minute ven- 
tilation (0.77-1.0 Cal h“/litre of minute venti- 
lation). Circle systems alone deliver inspired gases 
at about 25 °C and 40% relative humidity and 
reduce heat loss by about 1.26 kJ h-*/litre of 
minute ventilation (0.3 Calh-!/litre of minute 
ventilation). Adequate heated humidification of 
the inspired gases therefore offers a simple and 
effective way of restoring thermal balance during 
anaesthesia. 


Warming mattresses and blankets 


The most common variety of warming mattress 
has water circulated through plastic tubing from a 
thermostatically controlled heater. The hazards 
involved in the use of electric mattresses preclude 
their use during anaesthesia. 

Warming mattresses have been demonstrated 
to be ineffective when used alone to counter heat 
losses during anaesthesia and surgery [39, 47, 78] 
and there have been several reports of thermal 
injury resulting from their use [13]. This has 
resulted in suggestions that their use be dis- 
continued; however, the combination of a warm- 
ing mattress with a heated humidifier has been 
shown to be more efficient in preventing heat loss 
than each technique alone [80]. A similar benefit 
has been demonstrated using unheated towelling 
to increase insulation of non-operated parts [71]. 

Recently, a hot air mattress has been introduced 
which claims to produce a warm ‘“‘micro climate” 
under surgical drapes and has been reported as 
effective in reducing heat losses in children [22, 
53]. It has not been evaluated in the adult surgical 
patient. 

Metallized plastic blankets appear to be of little 
value in preventing intraoperative heat loss [7, 
57]. 


Radiant heaters 


Radiant heaters have been used extensively in 
the postoperative period to speed rewarming and 
to suppress shivering. The heat supply from an 
overhead radiant heater has been estimated as 
74 kJ h (17.7 Cal hb) [24] and core temperature 
increased more rapidly with radiant heat than in 
control groups after cardiac surgery [34-36]. 
However, the major benefit from radiant heating 
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is suppression of shivering [43, 50,74], which 
results in decreased oxygen uptake, carbon di- 
oxide production and peripheral vasoconstriction 
[32]. These devices are therefore of value where 
hypothermia has been allowed to occur and 
following cardiopulmonary bypass when the after 
decrease in core temperature is difficult to avoid. 
There may also be a role for radiant heaters in the 
anaesthetic room to prevent loss of body heat 
during the presurgical period. 


Oesophageal rewarmers 


These devices consist of a double-lumen oeso- 
phageal tube through which water is circulated at 
up to 42 °C. They were described originally for 
use in core rewarming of hypothermic patients 
(37, 38, 40], but have been used to prevent 
hypothermia during anaesthesia [39]. From an 
in vitro study the rate of thermal transfer over 
the temperature range 19-37 °C was 339 kJ h“! 
(81 Cal h-+) [38]. In normothermic individuals, 
the temperature gradient between the rewarming 
tube and the patient is much less and rates of 
thermal transfer lower. In postoperative cardiac 
surgical patients, the rate of rewarming and the 
incidence of shivering using the oesophageal 
device were not significantly different from a 
control group [authors’ unpublished data]. These 
devices probably have a role in rewarming from 
profound hypothermia where surface rewarming 
is inappropriate, but they are expensive and 
invasive and cannot be recommended for routine 
peroperative use. 


Intravenous fluids 


The infusion of 1 litre of fluid at 20 °C results in 
a thermal loss of 71 kJ] (17 Cal) as the body warms 
the fluid to 37 °C. Similarly, 1 litre of blood at 
4 °C requires about 125 kJ (30 Cal) for warming. 
Such losses are avoided easily and are unnecess- 


ary. 


CONCLUSION 


Thermal balance during anaesthesia may be 
restored by minimizing the thermal stresses 
imposed on the patient. A warm operating theatre, 
adequate heating and -humidification of the in- 
spired gases and warming of i.v. fluids is all that is 
required in most cases. Post-anaesthetic shivering 
is potentially dangérous, especially in patients 
with limited cardiorespiratory reserve, and is best 
treated by radiant heating of the skin. 
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ANALGESIA FOLLOWING EXTRADURAL AND I.M. 
PETHIDINE IN POST-CAESAREAN SECTION PATIENTS 


B. W. PERRISS, B. V. LATHAM AND I. H. WILSON 


SUMMARY 


The onset, quality and duration of analgesia 
following extradural pethidine 50 mg and im. 
pethidine 100 mg was assessed in 30 post- 
operative patients who had undergone Cae- 
sarean section under extradural anaesthesia. 
Saline and pethidine were given in a randomized, 
double-blind fashion using simultaneous extra- 
dural and i.m. injections. Extradural pethidine 
provided superior analgesia, of quicker onset but 
similar duration, and both treatments were associ- 
ated with a low incidence of side effects. 


KEY WORDS 


Pain, postoperative Anaesthetic techmque regional, extra- 
dural Analgesia: opioid, pethidine 


Extradural opioids have been used to provide pain 
relief after a variety of surgical operations since 
the first clinical report of their use in 1979 [1]. 
Caesarean section under extradural anaesthesia 
lends itself to postoperative pain relief by this 
method and several opioids have been used for 
this purpose, including morphine, fentanyl, peth- 
idine and diamorphine. 

At the Royal Devon and Exeter Hospital, 
extradural pethidine has been used for post- 
Caesarean section pain relief since 1979. Clinical 
impressions suggested that extradural pethidine 
50 mg gave better analgesia, of longer duration 
and with fewer side effects than i.m. pethidine 
100 mg. We elected to compare these treatments 
in a randomized double-blind clinical trial. 


METHODS AND RESULTS 


We studied 30 ASA I patients undergoing elective 
Caesarean section using 0.5 % bupivacaine admin- 
istered extradurally into the lumbar 2-3 or 3—4 
space. Before surgery all were taught how to 


assess pain using a 10-cm visual analogue scale 
with “No Pain” at one end and “Worst Pain” at 
the other. During surgery any supplementary 
anaesthesia comprised Entonox; opioids were not 
given. 

On completion of surgery, the extradural cath- 
eter was left im situ and the patient taken to the 
recovery room. The policy of this unit is to give 
the first dose of analgesia before the local 
anaesthetic has worn off and therefore, 30 min 
after completion of surgery the patient received, 
from coded ampoules prepared by the Hospital 
Pharmacy, both an extradural injection of saline 
10 ml with or without pethidine 50 mg and an i.m. 
injection of saline 1 ml with or without pethidine 
100 mg, such that each patient received one 
treatment which contained pethidine and one 
which contained saline. 

Further treatments were given ‘‘on demand” 
for the next 24h using the paired ampoules. 
Patients were allocated randomly for each treat- 
ment, and acted as their own controls. When the 
first on demand treatment was requested, the pain 
score was assessed, the injection and top up given, 
and the pain scores recorded every 5 min for 
30 min, and then every 30min until 2h had 
elapsed. When the patient requested subsequent 
on demand analgesia the pain scores were assessed 
before and 30 min after treatment. Side effects 
were recorded after each treatment. Arterial 
pressure and ventilatory frequency were measured 
frequently during the first 30min following 
injections, and hourly thereafter. The extra- 
dural catheter was removed after 24h. Patients 
were free to withdraw from the trial at any time 
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Fic. 1. Median pain scores showing onset of analgesia following first on demand treatment in 
the extradural (X) and 1.m. (©) groups. Reductions in pain scores from the pretreatment values: 
xx P < 0.01; *** P< 0.001. 


and the code was available on an emergency basis 
should any adverse reaction occur. The trial was 
approved by the Local Ethics Committee and all 
patients gave written informed consent. 

Differences between pain scores were analysed 
using the Wilcoxon signed-rank test for paired 
data or a Mann—Witney U test for unpaired data. 
The duration of the different treatments was 
analysed using a t test. 

Of the 30 patients studied, two withdrew from 
the trial, one because of inadequate analgesia, the 
other after requiring catheterization. 

A total of 137 on demand treatments were 
given; the pethidine was given i.m. in 72 and 
extradurally in 65. The median number of 
injections per patient was 6 (range 3-8). Analysis 
of pain scores following the first on demand 
treatment is shown in figure 1. A significant 
reduction in pain scores was noticeable within 
5 min after extradural pethidine and reached its 
maximum in 25 min. Pain relief with i.m. pethi- 
dine was significant within 15 min, and maximal 
at 90 min. When all on demand extradural top ups 
were compared with all on demand i.m. injections, 
there were no differences between pain scores 
before treatment, but pain scores in the extradural 
group were always significantly lower at 30 min 
(P < 0.001). 


There was no difference in the duration of 
action of the two techniques. Extradural pethidine 
was effective for a mean of 277 (sp 96) min, i.m. 
pethidine for 251 (99) min. 

The incidence of side effects was low and 
similar in each group when assessed after each 
treatment. We recorded the following problems 
following extradural top up and following i.m. 
injection, respectively: sedation (four and five), 
nausea/vomiting (three and five), dizziness (two 
and two), and urinary retention (two and two). 


COMMENT 


The introduction of extradural opioids into clini- 
cal medicine was thought to be a major advance 
because it would produce prolonged analgesia 
with relatively small doses of the drug and a low 
incidence of side effects. Good analgesia may be 
produced, but the incidence of side effects has 
been found to be greater than expected. The 
possibility of late-onset respiratory depression, 
particularly with morphine, has led to recommen- 
dations that these patients be nursed in 
high-dependency units for the first 12—24 h [2]. 
Another approach has been to use more lipid 
soluble opioids that are less likely to spread 
rostrally in the cerebrospinal fluid. This has not 
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occurred with extradural pethidine except when 
the drug was injected inadvertently into the 
subarachnoid space [3]. 

Our study has shown that extradural pethidine 
50 mg produced better analgesia than i.m. pethi- 
dine 100 mg in post-Caesarean section patients. 
The onset of pain relief with extradural pethidine 
was faster than that with i.m. pethidine, pre- 
sumably because it was delivered close to its site 
of action, the substantia gelatinosa of the spinal 
cord. Pethidine is similar to other lipid soluble 
opioids such as fentanyl and methadone in having 
a rapid onset of action (5—10 min) and a maximum 
effect within 25-30 min when given extradurally. 

The incidence of side effects following extra- 
dural pethidine was no greater than that following 
im. pethidine in this study. No case of itching 
occurred in the present study, a finding that 
differs from studies using diamorphine [4]. The 
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lower incidence of this complication with pethi- 
dine may be related to its weak local anaesthetic 
properties [5]. 
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HALOTHANE HEPATITIS: A CASE REPORT 


H. SPEEDY 


SUMMARY 


This report describes a patient who required 12 
anaesthetics over a period of 25 yr. Halothane 
was used on at least five occasions. The first 
documented halothane anaesthetic was followed 
by jaundice. Subsequently, he received at least 
four halothane anaesthetics, all of which were 
followed by iliness attributable possibly to 
hepatotoxicity. He also received five non- 
halothane anaesthetics, none of which was 
followed by postoperative illness. This case 
history shows strong evidence of halothane 
causing hepatotoxicity. It also shows an 
inverse relationship between the severity of the 
disease and the interval between halothane 
exposures. Ít is presented as evidence in favour 
of the advice on using halothane issued by the 
Committee on Safety of Medicines. 


KEY WORDS 
Anaesthetics volatile halothane Complications hepatic 


Since the introduction of halothane into clinical 
practice in 1956 there have been many reports 
describing liver failure following its use. Never- 
theless, the incidence of serious hepatic 
dysfunction associated with halothane is very 
low, despite widespread use. There are many other 
possible causes of postoperative hepatic dysfunc- 
tion with indistinguishable clinical, biochemical 
and histological features, and there is no readily 
available diagnostic test to predict or confirm 
hepatotoxicity caused by halothane. Conse- 
quently, there has been prolonged controversy on 
the existence of the condition of halothane 
hepatitis, and some debate on how to reduce the 
associated morbidity and mortality [1—4]. 

The latest practical advice on the use of 


halothane was issued by the Committee on Safety 
of Medicines (C.S.M.) [5]. It was suggested: 

(1) A careful anaesthetic history should be taken 
to determine previous exposure and previous 
reactions to halothane. 

(2) Repeated exposure to halothane within a 
period of 3 months should be avoided unless there 
are overriding clinical circumstances. 

(3) A history of unexplained jaundice or pyrexia in 
a patient following exposure to halothane is an 
absolute contraindication to its future use in that 
patient. 

There is still not universal agreement that this 
advice is appropriate. Some authorities state that 
there is no safe period between exposures to 
halothane [6, 7]. Others claim that postoperative 
pyrexia of unknown origin following an operation 
under halothane is too common an event to be 
considered an absolute contraindication [3, 4]. 


CASE REPORT 


The patient was a 45~-yr-old man who first 
presented to the surgical outpatient clinic with a 
long history of indigestion and vomiting after 
meals. Barium meal showed pyloric stenosis and 
he was admitted to hospital for elective vagotomy 
and gastroenterostomy in January 1961 (table I). 
There is no record of any preoperative investi- 
gations or details of the anaesthetic given. At this 
time, however, halothane was used almost uni- 
versally during general anaesthesia at this hos- 
pital. Five days later, the patient was said to 
have recovered well, but his abdominal wound 
dehisced. The wound was repaired under a well 
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TABLE I. The patents anaesthetic history THR = Total mp replacement; TLA = translumbar aortogram; FPBPG = 


JSemoro—popliteal bypass graft. — = No record 


Liver biochemistry 








Anaes- AST Bilirubin Albumin 
thetic Qu tre!) (umol litre!) (g litre} 
No. Date Operation Anaesthetic (n < 40) (n = 13-18) (n = 3647) Outcome 
1 22 Jan 61 Laparotomy ?Halothane vamen — — No problems 
2 27 Jan 61 Repair of Halothane — — — Became jaundiced 
incision Very ıll 
l Feb 61 m 48 — 
3 20 Dec 64 Repair of Regional — — — No problems 
incisional 
hernia 
4 25 Sep 72 (R) THR Halothane — — — Delayed recovery 
Systemic iuUlness 
5 23 Oct 72 (L) THR Enflurane/ 
?Halothane 
25 Oct 72 Post op. 286 179 33 Jaundiced; very 
ill 
28 Oct 72 Post op. 500 238 30 Transferred to 
ILT.U 
6 23 Dec 76 Femoral Regional _ — — No problems 
hernia repair 
7 14 Jan 80 Debridement Halothane 
Septic foot 
23 Jan 80 Post op. 280 21 30 Systernic illness 
Delayed recovery 
8 10 Mar 81 Pre op. i] 9 41 
13 Mar 81 Revision THR Halothane Became jaundiced 
16 Mar 81 Post op. 650 29 34 Transferred to 
LT.U. Very ill 
9 17 Oct 85 Pre op. 43 15 40 
18 Oct 85 TLA Non halothane No problems 
G.A. 
21 Oct 85 Post op. 34 7 40 
19 23 Oct 85 FPBPG Halothane 
24 Oct 85 Post op. 388 19 36 Systemic illness 
25 Oct 85 718 24 34 
28 Oct 85 534 19 30 
11 30 Oct 85 Embolectomy Enflurane 
1 Nov 85 Post op. 490 12 34 No further 
7 Nov 85 Post op. 259 12 36 problems 
12 Nov 85 Post op. 252 14 37 
12 14 Nov 85 Amputation Enflurane 
19 Nov 85 Post op 57 7 39 No problems 


The only serum biochemistry results available 
revealed a serum bilirubin three times the upper 
limit of normal 5 days after the halothane 
anaesthetic (table I). The case note record is 
incomplete after this, but he eventually made a 


documented general anaesthetic procedure in- 
cluding halothane. Subsequently, his recovery 
was delayed by a period of postoperative illness 
characterized by pyrexia, abdominal pain, 
vomiting, bleeding from the wound and jaundice. 
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recovery and was discharged several weeks 
later. 

In 1964 he required a third anaesthetic for 
repair of an incisional hernia. This was performed 
under a subarachnoid regional anaesthetic from 
which he made an uneventful recovery. 

Eight years later the patient underwent a fourth 
anaesthetic for total hip replacement. There was 
no mention in the admission notes of any previous 
hepatic disease and no record of liver function 
tests. He was anaesthetized with halothane. All 
the postoperative notes following this operation 
are missing, but he remembered being unwell for 
some time and was kept in hospital until his 
second hip replacement, 1 month later. 

His fifth anaesthetic also included halothane. 
The postoperative notes stated that jaundice was 
clinically evident 48h after surgery and serial 
liver function tests showed severe hepatocellular 
damage (table I). His clinical condition progressed 
rapidly to renal failure and encephalopathy and he 
was transferred to the liver unit at Kings College 
Hospital. After many weeks in intensive care he 
eventually recovered and was discharged. A 
detailed summary of his illness and advice that he 
should never again receive halothane was in- 
cluded in his case note folder. 

Four years later he required a sixth anaesthetic 
for repair of an irreducible femoral hernia. This 
was performed under subarachnoid regional block 
and there were no postoperative complications. 

After a further 4 yr the patient presented with a 
septic foot requiring surgical debridement under 
anaesthesia. Again, his admission notes included 
no history of his previous hepatic disease and no 
preoperative liver function tests were ordered. 
This seventh anaesthetic included halothane. 
After operation he developed pyrexia and general 
malaise lasting several days. The only serum 
biochemistry result available revealed slightly 
increased serum bilirubin and markedly increased 
serum transaminase concentrations 9 days after 
the surgery (table I). He recovered and was 
discharged 3 weeks later. 

Fourteen months later, he required an eighth 
anaesthetic for revision of a hip replacement. The 
chart documenting this anaesthetic recorded the 
use of enflurane. This entry, however, is untidy 
and appears to have been made over a previous 
entry resembling ‘‘halothane’’. It may be that 
initially he was given halothane, a change to 
enflurane being made when the error was realized. 
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It is not clear, therefore, if he received halothane 
or, of he did, how much was given. After operation 
the patient became pyrexial, jaundiced and de- 
veloped ascites, heart and renal failure. He was 
admitted to intensive care where he suffered 
several weeks of life-threatening illness. Serum 
biochemistry tests revealed gross hepatocellular 
damage (table I). Again, he eventually recovered 
and was discharged from hospital. 

After a further 4yr the patients ninth 
anaesthetic was administered for translumbar 
aortography. This was a general anaesthetic with 
neuromuscular block, opioids and intermittent 
positive pressure ventilation with 60% nitrous 
oxide. He made an uneventful recovery and liver 
function tests showed no deterioration (table I). 

Five days later he received his 10th anaesthetic 
for femoro—poplitea] arterial bypass grafting. The 
anaesthetist concerned was unaware of the 
patient’s previous history. The anaesthetic 
included halothane given by spontaneous inha- 
lation. After 3 h, the author took over the patient’s 
anaesthetic care. Upon reading the case notes 
from previous admissions he became aware that 
halothane was contraindicated. He discontinued 
the halothane, informed the surgical team of his 
fears, and arranged for close monitoring of the 
patient’s condition after operation. The following 
day the patient became pyrexial and suffered from 
abdominal pain, nausea and vomiting which lasted 
several days. During this time the patient was 
markedly tender beneath the right costal margin 
and the liver edge was readily palpable. Serial 
liver function tests showed a marked, progressive 
Increase in serum transaminase concentrations 
and a reduction in albumin (table I). Serum 
bilirubin concentration was increased only 
slightly, and he was never clinically jaundiced. No 
life-threatening sequelae developed. 

Seven days after operation the patient required 
exploration of the bypass graft under anaesthesia. 
This 11th anaesthetic included enflurane given by 
intermittent positive pressure ventilation with 
60% nitrous oxide. There were no postoperative 
complications (table I). 

Two weeks later he required a 12th anaesthetic 
for surgical amputation of the leg, under 
spontaneous ventilation with nitrous oxide and 
enflurane. Again, there were no postoperative 
complications (table I). 
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DISCUSSION 


This case history describes a man who had 12 
surgical procedures carried out under anaesthesia 
(table 1). There is no documentary evidence 
describing the first anaesthetic, but there is 
circumstantial evidence that this may have 
included halothane. Of the 11 subsequent 
anaesthetics, five definitely included halothane. 
After every halothane anaesthetic the patient 
suffered systemic illness of variable severity. 
On two occasions he was jaundiced and very ill 
and on four occasions there was accompanying 
biochemical evidence of hepatocellular damage. 
Anaesthetic number 5 may have included some 
halothane, but also included enflurane; this was 
followed by severe hepatocellular damage. Either 
the patient developed hepatitis related to enf- 
lurane (but this was not the case after subsequent 
enflurane anaesthetics) or, again, this was hal- 
othane-associated hepatitis. The remaining five 
anaesthetics did not include halothane and none 
of these was associated with any postoperative 
hepatic dysfunction. For the three non-halothane 
general anaesthetics there is biochemical evidence 
to exclude hepatic dysfunction. 

The first point in the advice issued by the 
C.S.M. is pertinent. This patient was a very poor 
historian and during the early years of this case 
history the connection between halothane and 
postoperative hepatitis may not have been well 
recognized by clinical staff. Of the case notes 
available, a history of jaundice was documented 
only once in the admission notes and in no 
instance was a warning written on the drug chart 
or front of his case note folder. Even if no history 
had been available, adherence to the second point 
of advice from the C.S.M. would have prevented 
two episodes of severe illness. After the first 
episode of jaundice and pyrexia, he should never 
have received halothane again. 

Of the six episodes of postoperative illness three 
were severe and included jaundice (anaesthetics 
numbers 2,5,8). The time interval since last 
exposure to halothane on these occasions was: 5 
days (assuming anaesthetic No. 1 included halo- 
thane), 28 days and 14 months (table I). On the 
three occasions when postoperative illness was 
less severe and not accompanied by jaundice 
(anaesthetics numbers 4, 7, 10) the time interval 
between exposures was much longer: 5 yr, 7 yr 
and 11 yr. It would appear that there is an inverse 
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relationship between severity of iN—mess and the 
time interval between exposures to halothane. It 
has been proposed that there are two distinct 
types of halothane associated hepatotoxicity: one 
is usually not associated with jaundice, not life- 
threatening and often subclinical, and may be 
revealed by increase in serum transaminase con- 
centrations [8]. It may be that the three episodes 
of less severe illness represented th s form of the 
disease. The second type of halothene associated 
hepatotoxicity is characterized by zarly onset of 
jaundice, rapidly progressive hepawc failure and 
the presence of serum antibodies to halothane- 
exposed hepatocytes, and is usualy life-threat- 
ening. It has been postulated that his disease is 
mediated by the immune system [ə]. It may be 
that the three episodes of severe illness repre- 
sented this form of the disease. If this were the 
case, it would show for the first time that an 
individual is capable of exhibiting both types of 
hepatic reaction to halothane on Gfferent occa- 
sions. It also indicates that a patient exhibiting 
fulminating hepatic failure may hav2 a less severe 
reaction following a subsequent exposure. 


The case history described may De unique, in 
that the patient demonstrating a marked hepato- 
toxic reaction following halothane was re-exposed 
to the insult so many times. The zase seems to 
give further strong support to the well established 
view that halothane may be hepatocoxic to some 
people. It also confirms suspicicns that any 
exposure subsequent to one followed by hepato- 
toxicity may cause further hepatotcxicity. It also 
demonstrates, however, that subsecuent hepato- 
toxic reactions may not necessarily te more severe 
in nature. The severity (or mechanism, or both) of 
the illness may be related to th= time since 
previous exposure. 
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THE MYASTHENIC SYNDROME: ANAESTHESIA IN A 
PATIENT TREATED WITH 3.4 DIAMINOPYRIDINE 


R. J. TELFORD AND T. E. HOLLWAY 


SUMMARY 


A case of anaesthesia in a patient with 
myasthenic syndrome treated with 3.4 diamino- 
pyridine is described. Despite symptomatic 
improvement and an improved electromyogram 
(EMG) on treatment, extreme sensitivity to 
neuromuscular block occurred with vecuronium. 
Antagonism of block was poor with an anti- 
cholinesterase, while oral 3.4 diaminopyridine 
improved neuromuscular transmission further. A 
combination of anticholinesterase with amino- 
pyridine may be the antagonistic combination of 
choice in this condition. 


KEY WORDS 
Myasthenic syndrome. 3 4 diaminopyridine. 


The myasthenic syndrome (Eaton Lambert Syn- 
drome) is a rare disorder of neuromuscular 
transmission resembling myasthenia gravis [1]. It 
is a syndrome of muscle weakness, originally 
described in association with malignant disease, 
classically small cell bronchogenic carcinoma. It 
has been described subsequently in patients in 
whom no malignancy has been detected [2]. 
Muscle weakness is caused by diminished release 
of transmitter from motor nerve endings [3], 
secondary to morphological destruction of the 
active release zones in the nerve terminal [4]. It is 
thought to have an autoimmune aetiology [5]. 
Cholinesterase inhibitors, effective in the treat- 
ment of myasthenia gravis, do not produce 
significant improvement in most patients [3]. 
Recently, reports have been published of the 
successful use of aminopyridines (quaternary 
ammonium compounds that increase neurally 
evoked acetylcholine release) in the treatment of 
this disorder [6-8]. 

Reports of anaesthesia in patients with the 
myasthenic syndrome are rare. We describe a case 


of successful anaesthesia in a patient with 
the myasthenic syndrome, treated with oral 
3.4 diaminopyridine. 


CASE REPORT 


A 67-yr-old retired compositor was scheduled for 
microscopic surgical removal of a prolapsed 
L5/S1 disc impinging on the S1 nerve root. 

Pre-operative assessment revealed a history of 
small cell bronchogenic carcinoma, currently in 
remission following recent chemotherapy. Pre- 
vious anaesthetic history included an uneventful 
general anaesthetic for mediastinoscopy 1 yr pre- 
viously. Induction of anaesthesia had been with 
thiopentone 325mg, followed by atracurium 
35 mg i.v.; anaesthesia was maintained with 70% 
nitrous oxide and enflurane in oxygen. Thirty-five 
minutes later antagonism of neuromuscular block 
with glycopyrrolate 0.5 mg and neostigmine 
2.5 mg i.v. was said to be uneventful. He was also 
noted to have moderate aortic stenosis, in- 
appropriate secretion of antidiuretic hormone 
(sodium 123 mmol litret, potassium 3.6 mmol 
litre? and urea 3.5 mmol litre !), autonomic 
neuropathy (lack of beat-to-beat variation in 
heart rate, postural hypotension, arterial pressure 
decreasing from 140/60 mm Hg lying to 
110/40 mm Hg standing) and myasthenic syn- 
drome. The latter had been diagnosed 6 months 
earlier following the development of severe pro- 
gressive leg weakness and treated with 3.4 di- 
aminopyridine 20 mg 6-hourly by mouth. 

Other investigations included blood~-gas 
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measurements (pH 7.4; Pago, 4.2kPa; Pao, 
8.9 kPa; HCO,” 20.9 mmol litre}; base excess 
—3 mmol litre!) and respiratory function tests 
(peak expiratory flow rate (PEFR) 400 litre min“! 
forced expiratory volume in 1s (FEV,) 2.0 litre; 
forced vital capacity (FVC) 2.8 litre; FEV,:FVC 
ratio 0.71). Predicted values were FEV, 3 litre, 
FVC 4.3 litre, FEV,:FVC ratio 0.69. Haemo- 
globin was 12.5 gdl.  Electrocardiography 
showed sinus rhythm with T wave inversion in 
leads, 1, V5 and V6. 

The patient received his normal morning dose 
of 3.4 diaminopyridine 20mg orally. Pre- 
medication was with papaveretum 10mg and 
hyoscine 0.2 mg. On arrival of the patient in the 
anaesthetic room, an i.v. cannula and a radial 
artery cannula were inserted under local 
anaesthesia. Neuromuscular transmission moni- 
toring commenced using a Datex Relaxograph. 
Electrodes were placed over the right ulnar nerve 
and hypothenar eminence. Calibration and base- 
line values were obtained. Anaesthesia was in- 
duced with papaveretum 10 mg and thiopentone 
200 mg. Neuromuscular block was monitored by 
supramaximal train-of-four (TOF) stimulation 
every 20s. Suxamethonium 50 mg was admin- 
istered to facilitate tracheal intubation. Anaes- 
thesia was maintained with 70% nitrous oxide 
and 0.5% isoflurane in oxygen. Ventilation was 
adjusted to maintain normocapnia (Datex Cardio- 
cap). Seven and a half minutes later, when the T1 
twitch height has recovered to 50% of control, a 
bolus dose of vecuronium 1 mg was administered. 
This reduced T1 twitch height to 20%. Surgery 
was commenced. Four further increments of 
vecuronium 0.5 mg were administered to main- 
tain Ti twitch height less than 20%. Surgery 
lasted 100 min. Offset of vecuronium was very 
slow. T1 twitch height recovered from 5% to 
25% of control in about 40 min. One hour after 
the last increment of vecuronium, T1 twitch 
height was only 30 % of control with aT4:T1 ratio 
of 0.42. Two minutes after antagonism with neo- 
stigmine 1.25 mg and glycopyrrolate 0.25 mg, T1 
twitch height was 40% of control with T4:T1 
ratio 0.5. A further dose of neostigmine 1.25 mg 
and glycopyrrolate 0.25 mg improved T1 twitch 
height to 55 % of control, with T4:T1 ratio 0.64. 
A third dose of neostigmine 2.5 mg and glyco- 
pyrrolate 0.5 mg produced little improvement in 
either T1 twitch height or T4:T1 ratio. At this 
stage isoflurane was discontinued. Ventilation was 
judged adequate. The patient was able to lift his 


BRITISH JOURNAL OF ANAESTHESIA 


head and open his eyes. The trachea was extubated 
and the patient returned to the recovery ward. 
Neuromuscular function monitoring was con- 
tinued at 30-min intervals. No further improve- 
ment was demonstrable in T1 twitch height or 
T4:T1 ratio. However, 40 min after adminis- 
tration of 3.4 diaminopyridine 20 mg orally, T1 
twitch height increased to 89% of contro! with a 
T4:T1 ratio of 0.7. This improvement was 
maintained for the next 3h, after which neuro- 
muscular function monitoring was discontinued. 


DISCUSSION 


The myasthenic syndrome is a rare disorder of 
neuromuscular transmission caused by dimin- 
ished transmitter release from motor nerve end- 
ings secondary to autoimmune morphological 
destruction of active release zones of the nerve 
terminal. The dominant neurological features in a 
recent review of 50 cases [2] were proximal lower 
limb weakness (100 %), depressed tendon reflexes 
(92%), autonomic features, especially dryness of 
the mouth (74%) and mild moderate ptosis 
(54%). If it is suspected clinically, diagnosis is 
made by the characteristic electromyographic 
criteria. The amplitude of the initial muscle action 
potential (APmusc) evoked by nerve stimulation 
is abnormally small and shows a decremental 
response at low rates of stimulation (1—3 Hz) with 
an incremental response on high frequency stimu- 
lation or after maximal voluntary contraction. 
There is no improvement with edrophonium 
(table I). 

In contrast, myasthenia gravis is a disease of the 
neuromuscular junction caused by autoimmune 
destruction or inactivation of the acetylcholine 
receptors. The dominant neurological features are 
dependent on the sKeletal muscle group affected. 
Ptosis and diplopia are the most common initial 
complaints. Skeletal muscle and bulbar weakness 
also are seen. Electromyographic testing reveals 
an APmusc of relatively normal amplitude with a 
decremental response on high frequency stimu- 
lation (fade). There is improvement with edro- 
phonium (table I). 

Treatment of the myasthenic syndrome is 
aimed at improving neuromuscular transmission. 
Cholinesterase inhibitors have not been found to 
be effective [3]. Guanidine, a compound that 
increases the release of acetylcholine from nerve 
terminals, has helped patients with this condition, 
but its use has been limited by serious side effects 
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TABLE I. Distinctions between myasthema gravis and myasthenic syndrome. APmusc = Muscle action 


potential 


Myasthenia Gravis 


Myasthenic Syndrome 


Sex Female > Male Male > Female 
Presenting External ocular muscle Proximal] limb weakness 
symptoms bulbar and facial weakness legs > arms 
Other Fatigue on activity Increased strength on activity precedes 
symptoms fatigue 
Muscle pains uncommon Muscle pains common 
Reflexes normal Reflexes reduced or absent 
EMG Initial APmusc relatively Initial APmusc abnormally 
normal small 


Decremental response on 
high frequency stimulation 


Decremental response at 
low rates of stumulation, 
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(“fade a) 


Response to 


blocking drugs 


Sensitivity to non- 
depolarizing blockers 


Resistance to depolanzng 


blockers 
Good response to 
anticholinesterases 
Pathological Thymoma present in 
state 20-25% of patients 


[9]. Recently, there has been an interest in the use 
of aminopyridines in the treatment of this con- 
dition. These compounds increase the release of 
acetylcholine at the neuromuscular junction [10]. 
The mechanism of action is selective block of 
potassium channels. As the rate of efflux of 
potassium determines the duration of the action 
potential, block of the potassium channels pro- 
longs the action potential and allows more calcium 
to move into the cell. As the intracellular uptake 
of calcium is essential for release of acetylcholine, 
the increased influx following treatment with 
aminopyridine may result in increased release of 
acetylcholine [11]. 4 Aminopyridine has been 
tested as treatment for the myasthenic syndrome, 
but its usefulness is limited by central nervous 
system stimulant effects, sometimes causing seiz- 
ures [6,7]. 3.4 Diaminopyridine has been shown 
in animal experiments to be more potent in 
improving neuromuscular transmission [12]. 
Clinically, it causes less central nervous stimu- 
lation and is less convulsant than 4 aminopyridine. 
It is probably the drug of choice in the treatment 
of this condition [8]. Treatment is usually com- 
menced at a low dose which is increased and 
titrated against response. Maximum dosage is 
100 mg daily, given orally in divided doses. 
There are few reports of anaesthesia in patients 
with myasthenic syndrome. Wise, in 1962, orig- 
inally described the extreme sensitivity of such 


incremental response on 
high frequency stimulanon 
Sensitivity to both non- 
depolarizing and depolarizing biockers 


Poor response to 
anticholinesterases 

Small cell bronchogenic 
carcinoma usually present 


patients to mnon-depolarizing neuromuscular 
blocking drugs [13]. He also showed enhanced 
sensitivity to depolarizing blockers despite normal 
plasma cholinesterase in three patients. The 
exquisite sensitivity of patients with myasthenic 
syndrome to tubocurarine was described also in 
an isolated arm technique [14]. We have not found 
previous reports of anaesthesia in a patient with 
myasthenic syndrome treated with 3.4 diamino- 
pyridine. Our patient did not show an abnormal 
response to suxamethonium. Interestingly, serum 
analysis revealed a cholinesterase concentration of 
62 u (normal range 80-120 u) with normal fluoride 
and dibucaine numbers and genotype E" E”. 
The small reduction in cholinesterase activity can 
be attributed probably to the effects of recent 
chemotherapy [Cholinesterase Research Labora- 
tory, Hammersmith Hospital, personal com- 
munication]. Despite symptomatic improvement 
and an improved EMG on treatment with 3.4 
diaminopyridine, our patient was exquisitely 
sensitive to a non-depolarizing neuromuscular 
blocker. The T1 5% to 25% recovery time of 
40 min compares with one of 7 min in normal 
patients following a single 0.l-mg kg dose of 
vecuronium [15]. Given the underlying pathology 
of the condition, it was not surprising that 
response to attempted antagonism of neuro- 
muscular block with an anticholinesterase was 
poor. The further improvement in neuromuscular 
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transmission with 3.4 diaminopyridine is inter- 
esting. Unfortunately, this drug is available only 
as an oral preparation at present. 4 Aminopyridine 
is available as an i.v. preparation and has been 
advocated as an antagonist to non-depolarizing 
blockers in man. Its usefulness is limited because 
the doses required produce central nervous system 
excitation. However, small i.v. doses of 4 amino- 
pyridine, which by themselves produce no 
antagonism of neuromuscular block, potentiate 
the effects of neostigmine and pyridostigmine 
when antagonizing pancuronium in man [16] and 
vecuronium in rats [17]. It would have been 
useful to have had this drug available for this 
particular patient. 


In conclusion, we have described a case of 
anaésthesia in a patient with myasthenic syndrome 
treated with 3.4 diaminopyridine who showed a 
normal response to suxamethonium and marked 
sensitivity to vecuronium with extremely slow 
offset time. Antagonism of residual neuromuscu- 
lar block with neostigmine was largely ineffective, 
but oral 3.4 diaminopyridine improved neuro- 
muscular transmission further. If such a patient 
presents for anaesthesia, it would seem logical to 
continue 3.4 diaminopyridine up to the time of 
surgery. If possible, neuromuscular blockers 
should be avoided, but when necessary, they 
should be used sparingly and neuromuscular 
transmission should be monitored closely. If 
antagonism of neuromuscular block is required, a 
combination of an anticholinesterase and a small 
dose of i.v. 4 aminopyridine would seem to be the 
antagonizing combination of choice. Oral 3.4 
diaminopyridine therapy should be recommenced 
as soon as possible. 
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EXTRADURAL ANAESTHESIA FOR CAESAREAN SECTION 


IN ACHONDROPLASIA 


G. J. WARDALL AND W. T. FRAME 


SUMMARY 


We describe the successful management of a 26- 
yr-old achondroplastic dwarf undergoing 
_ elective Caesarean section under extradural 
anaesthesia. The patient had marked thoraco- 
lumbar kyphoscoliosis and clinical features 
which suggested that tracheal intubation would 
prove difficult. Block sufficient for surgery 
required only 5ml of 0.5% bupivacaine and, 
apart from an initial unilateral block and mild 
intraoperative hypotension, her perioperative 
course was uneventful. 


KEY WORDS 


Anaesthesia: obstetric. Anaesthetic tachnique’ extradural 
Complications schondroplasia. 


Achondroplasia, which is the commonest form of 
short-limbed dwarfism (incidence of 1 in 10000 
live births), result from a failure of endochondral 
bone formation. Although inherited as an auto- 
somal dominant condition, the great majority of 
cases arise from spontaneous mutation [1]. Char- 
acteristic features include short limbs with a 
relatively normal-sized trunk, a large head and 
flattening of the nasal bridge. 

Such patients present several problems for both 
general and regional (spinal and extradural) 
anaesthesia. The base of the skull tends to be 
shortened because of early fusion of its constituent 
bones, resulting in limitation of extension and 
consequent difficulties in tracheal intubation. 
Respiratory problems result from a reduced 
functional residual capacity (FRC), particularly in 
pregnancy, and from associated kyphoscoliosis [2, 
3]. Abnormalities of the spine may make spinal or 
extradural anaesthesia difficult or impossible, with 
unpredictable spread of solutions and an increased 
risk of accidental dural puncture [3, 4]. Associated 
neurological problems may be present, especially 
in older patients [1, 5]. 


When such individuals become pregnant, de- 
livery by Caesarean section is invariably necessary 
because of cephalo—pelvic disproportion that 
results from a narrowed maternal pelvis and large 
fetal head. In this situation, the above problems 
are compounded by those of anaesthesia in the 
patient in late pregnancy—notably the risk of 
aspiration of gastric contents, and the desirability 
of avoiding fetal depression. 


CASE REPORT 


A 26-yr-old nulliparous achondroplastic dwarf 
was admitted for elective Caesarean section at 35 
weeks gestation. She had previously undergone 
general anaesthesia for appendicectomy and ton- 
sillectomy as a young child and for outpatient 
insertion of a grommet in her mid-teens. Notes 
were not available relating to these procedures. 
Neither the patient nor her parents were aware of 
any previous anaesthetic problems. There was no 
family history of anaesthetic difficulties, or a 
history of achondroplasia in either the patient’s 
family or that of her husband, who also was 
achondroplastic. 

On examination, her height was 111 cm and her 
weight 46 kg. She had marked Kyphoscoliosis (fig. 
1) of her thoracolumbar spine. Examination of her 
chest revealed bilaterally reduced expansion, with 
diminished but otherwise normal breath sounds. 
She had a short neck, a full set of teeth and a large 
tongue. It was impossible to see the uvula through 
her opened mouth with her tongue fully pro- 
truded. Extension of her neck was limited, but 
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Fic. 1. Left: Anteroposterior x-ray of thoracic and lumbar spine, Right: Lateral view of lumbar spine 
The marked angulation in the upper lumbar region 18 partly the result of a deformity of L1 


neck movements were otherwise normal, as were 
jaw movements. No neurological abnormalities 
were found. Preoperative haemoglobin was 10.2 
g dl~? and other routine blood tests were normal. 
Ultrasonography demonstrated a live fetus, achon- 
droplastic but otherwise apparently healthy. 
Premedication was with ranitidine 150 mg 
orally on the night before and on the morning of 
operation. Monitoring in theatre was with an 
automated non-invasive oscillotonometer and 
ECG. Baseline values were heart rate 85 beat 
min™ and arterial pressure 120/80 mm Hg. A 
750-ml preload of Hartmann’s solution was given 
through a 17-gauge cannula and the patient placed 
in the right lateral position, the scoliosis of her 
lumbar spine being such (convex to the left) 
that this position facilitated the procedure. An 
extradural catheter was inserted through an 18- 
gauge Tuohy needle at the L2-3 space. Loss of 


resistance was encountered at 3.5cm and the 
catheter inserted 4 cm into the extradural space; 
insertion of the needle and catheter proved 
surprisingly easy. A test dose of 0.5% plain 
bupivacaine 3 ml was given. Five minutes later 
there was no evidence of intravascular or sub- 
arachnoid injection and sensory block had 
developed to T6 on the left, but was absent on the 
right. The catheter was therefore withdrawn by 
1.5 cm and a further 2 ml of the solution admin- 
istered, with the patient still in the right lateral 
position. Ten minutes later, block was to T4 on 
the left and T6 on the right. The patient was 
turned to the supine position with left lateral tilt 
and was given 30% oxygen by facemask from this 
time until delivery. 

Surgery progressed with minimal technical 
difficulty (incision-to-delivery time 10 min). 
Shortly after development of an adequate block, 
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the patient developed mild hypotension (minimum 
arterial pressure 90/60 mm Hg, maximum heart 
rate 115 beat min~!) which responded well to the 
administration of ephedrine in 3—6 mg boluses to 
a total of 30mg, and infusion of crystalloid 
solution. A 2.47-kg male infant was delivered 
(Apgar scores of 7 at 1 min and 9 at 5 min) which 
had achondroplastic features. Synthetic oxytocin 
10 u was given at delivery. Total measured blood 
loss was 250 ml, and a total of 1.5 1 of Hartmann’s 
solution was administered. Both mother and baby 
had an uneventful post-delivery course and were 
discharged on the 6th day after operation. 


DISCUSSION 


Reports in the literature of achondroplastic dwarfs 
undergoing Caesarean section are uncommon. 
Detailed accounts of the use of regional an- 
aesthetic techniques are particularly rare; indeed, 
we have found only one such account for extra- 
dural anaesthesia [3] and none for spinal an- 
aesthesia. 

The main drawbacks to the use of general 
anaesthesia are related to difficulties of tracheal 
intubation, combined in late pregnancy with the 
risk of gastric acid aspiration. Although difficulties 
with tracheal intubation, mainly caused by limited 
extension of the head on the neck, have been 
reported [4, 6], there appears to be considerable 
individual variation, and such difficulties are by 
no means inevitable [2, 3, 7]. However, it was felt 
that, in this patient, there were features to suggest 
that tracheal intubation would prove difficult. In 
addition to limitation of head extension and the 
presence of a full set of teeth, our patient had a 
large tongue, and it was impossible to see the 
uvula through her opened mouth, with the tongue 
protruded fully [8]. Although she underwent 
tonsillectomy and appendicectomy in early child- 
hood, apparently without problem, it was felt that 
subsequent development of her head and neck 
might have made tracheal intubation more dif- 
ficult. The outpatient procedure (insertion of a 
grommet) which was performed in her mid-teens, 
is not one which necessarily requires tracheal 
intubation. 

The objection could be raised that, if spinal or 
extradural anaesthesia were used, there was the 
possibility that emergency tracheal intubation 
might be needed if a high spinal block caused 
respiratory muscle paralysis, hypotension or loss 
of consciousness. We preferred to balance this 
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slight risk against the certain need for tracheal 
intubation if a general anaesthetic were used. 

A number of respiratory problems may be 
present in achondroplasia, and there are further 
drawbacks to the use of general anaesthesia, 
including thoracic kyphoscoliosis, and a marked 
reduction in FRC, much greater than occurs in 
normal pregnancy. This latter is caused by the 
diaphragmatic splinting that results from the 
uterus remaining an entirely intra-abdominal 
organ, because of failure of the fetal head to 
engage in the maternal pelvis (3, 9]. Both these 
factors tend to cause an increased shunting of 
deoxygenated blood and reduction in lung and 
chest wall compliance. 

Several anatomical abnormalities found in 
achondroplasia may complicate the use of regional 
anaesthetic techniques. In addition to kypho- 
scoliosis, other spinal abnormalities include nar- 
rowing of the vertebral canal, shortening of the 
pedicles, reduced interpedicular distance— 
particularly in the lower lumbar spine—and 
osteophyte formation [1, 5]. As a result, extradural 
or spinal anaesthesia may be difficult and there 
may be an increased risk of inadvertent dural 
puncture [3, 4]. Spinal stenosis may impair the 
flow of CSF, making it more difficult to identify 
dural puncture, whether intentional or uninten- 
tional. Nonetheless, it was felt that the use of a test 
dose of local anaesthetic would serve to identify 
accidental placement of the catheter in the 
subarachnoid space. 

The combination of these anatomical features 
with the pregnancy-associated dilatation of ex- 
tradural veins makes the spread of local anaes- 
thetics highly unpredictable. It is for this reason 
that the use of an extradural catheter technique 
was selected, with its facility to titrate dose against 
level of block. 

In the only previous detailed account which we 
could find [3] of extradural anaesthesia for 
Caesarean section in an achondroplastic patient, 
an adequate block was obtained with a total of 
9 ml of 3% chloroprocaine. Considering that the 
potency ratio of bupivacaine to chloroprocaine is 
4:1 [10] (and hence the 3% solution is inore 
potent than the solution used in our patient), and 
that in the previous patient accidental dural 
puncture occurred (with the possibility of direct 
leakage into the subarachnoid space), the 5 ml of 
0.5% bupivacaine needed in the present patient is 
notable. 

Despite the considerable deformity of this 
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patient’s lumbar spine, it was judged on the basis 
of preoperative clinical examination that an ex- 
tradural might be technically possible. In fact, it 
was achieved with little difficulty. It appears that, 
in common with the abnormalities of head and 
neck, the lower spinal abnormalities of achondro- 
plasia show considerable variation [5]. 

Another objection that has been raised [4] to 
regional anaesthetic techniques is that neuro- 
logical sequelae caused by spinal abnormalities 
might be attributed to the anaesthetic. However, 
such neurological problems occur mainly in an 
older age group, and it was felt that in the absence 
of pre-existing neurological impairment, there 
was no contraindication to such a technique. 

In addition, aortocaval occlusion may be 
marked in such patients because of the intra- 
abdominal position of the uterus. The use of 
fluids and ephedrine in our patient, combined 
with avoidance of the supine position, proved 
sufficient to control the mild reduction in arterial 
pressure which developed on achieving adequate 
block. 
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USE OF REGIONAL ANAESTHESIA IN A PATIENT WITH 


ACUTE PORPHYRIA 


M. J. MCNEILL AND A. BENNET 


SUMMARY 


The porphyrias are inherited disorders of haem 
metabolism, acute attacks of which may be pre- 
cipitated by anaesthesia, surgery and pregnancy. 
The principal clinical feature of the disease is an 
acute neuropathy. A patient with acute inter- 
mittent porphyria was given bupivacaine as part 
of a regional anaesthetic for Caesarean section. 
The course of anaesthesia was uneventful. 
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Acute intermittent prophyria (AIP) is a rare 
disorder of haem metabolism, inherited by an 
autosomal dominant pattern. It is characterized 
by acute episodes of neuropathy which are 
precipitated by various factors, including preg- 
nancy [1] and general anaesthesia. However, some 
authorities recommend that regional anaesthesia 
should be avoided in these patients [2]. This 
recommendation is based on the fear of litigation 
which may arise if the neuropathy worsens after 
operation. We report on the uneventful use of 
regional anaesthesia on two occasions in a patient 
with AIP. 


CASE REPORT 


First pregnancy 

The patient’s first pregnancy in 1984 ended 
with an intra-uterine death at 32 weeks gestation. 
Labour was induced with extra-amniotic prostin 
and maintained with an infusion of syntocinon in 
5% glucose. An extradural catheter was sited and 
analgesia provided by intermittent bolus doses of 
0.375% bupivacaine. A second i.v. infusion of 
5% glucose was started, as hypoglycaemia is 


known to precipitate episodes of acute neuropathy 
in such patients [3]. The infusion regimen was 
modified to 10% glucose at a slower rate and 
syntocinon in saline, as the patient developed 
hyponatraemia (Na 124 mmol litre). 

The patient was unable to deliver vaginally and 
abdominal hysterotomy was performed under 
general anaesthesia, at the patient’s request. 
Anaesthesia was induced using the technique 
described by Allen and Rees [4], with cyclo- 
propane in oxygen, after i.v. morphine 10 mg and 
droperidol 10 mg. Suxamethonium 100mg was 
given to allow rapid intubation of the trachea. 
Cricoid pressure was applied after the patient lost 
consciousness. Anaesthesia was maintained with 
70% nitrous oxide and relaxation was provided 
by a further 100-mg dose of suxamethonium. 

Anaesthesia and surgery were uneventful and 
the patient recovered without developing the 
symptoms of an acute neuropathy. A rudimentary 
uterine horn was found and excised at the same 
time. No measurements of urinary porphyrins 
were made during this admission. 


Second pregnancy 

Her second confinement occurred 2 years later. 
She was admitted to hospital at 32 weeks gestation 
for bed rest and observation, in view of her 
previous medical and obstetric history. She had 
been admitted to hospital earlier in the pregnancy 
with abdominal pain which had settled with i.v. 
fluids and morphine. 

At 35 weeks gestation she again developed 
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abdominal pain and weakness of her hands, and 
was treated with i.v. fluids and pethidine. Her 
urine contained porphobilinogen, uroporphyrin 
and coproporphyrin. The symptoms persisted 
until, at 37 weeks gestation, she went into labour 
spontaneously and was prepared for emergency 
Caesarean section. 

She was given Hartmann’s solution 2 litre 
before hyperbaric 0.5% bupivacaine 2.5 ml was 
injected intrathecally at the L3—4 space with the 
patient in the sitting’ position. She was turned 
onto her back with 15° left lateral tilt and given 
oxygen 4 litre min! by Hudson mask. Automatic 
non-invasive arterial pressure and continuous 
ECG monitoring were used throughout the 
procedure. 

Five minutes later the patient had loss of 
sensation to pinprick up to a level of T6 bilaterally. 
Surgery was uneventful and the child was de- 
livered with Apgar scores of 9 at both 1 and 5 min. 

Syntocinon 10 u was given as a bolus at delivery 
and a further 10u given by infusion in 5% 
glucose. During closure of peritoneum the patient 
complained of pain and was given two bolus doses 
of pethidine 25 mg. 

Hypotension did not occur during the pro- 
cedure and no vasopressor drugs were given. 

During the immediate recovery period the 
patient was given an infusion of 5% glucose 
and pethidine and morphine for pain. The 
symptoms of abdominal pain which were present 
before operation persisted for a few days after 
operation, but resolved gradually over the follow- 
ing 2 weeks, as did the symptoms of weakness in 
her hands. 


DISCUSSION 


Anaesthesia for Caesarean section remains a 
challenge. Regional anaesthesia is popular, as it 
avoids the complications of failed tracheal in- 
tubation, aspiration of gastric contents, neonatal 
depression, maternal awareness and uterine atony 
[5]. 

Patients with AIP are at particular risk from 
general anaesthesia, as most of the i.v. induction 
agents may induce an episode of neuropathy [6]. 
Furthermore, as barbiturates are contraindicated 
and volatile agents should be avoided, the an- 
aesthetist may be using drugs and techniques with 
which he is unfamiliar. Ketamine and etomidate 
have been used in patients with AIP [7,8] but 
there is some animal evidence suggesting that they 
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should be avoided [9,10]. Propofol may be a 
promising agent for such patients [11], but 
experience is limited and it has not yet been 
licensed for use in pregnant women. Enflurane 
has been shown to be potentially dangerous, the 
use of halothane is contentious, and experience 
with isoflurane is limited [12]. 

The suitability of local anaesthetic agents for 
use in porphyric patients is determined by clinical 
experience and data from animal models. Parikh 
and Moore have developed a rat model which 
suggests that procaine and bupivacaine are safe 
agents, but that lignocaine should be avoided [13]. 
Their study showed that procaine reduced the 
plasma concentration of delta amino laevulinic 
acid synthase, and procaine has been reported to 
have produced remission in a patient with acute 
prophyria [14]. However, procaine is not used 
routinely in the treatment of acute episodes of 
porphyria [15]. Deybach and his colleagues, using 
a chick embryo model, suggested that procaine 
was safe, but both lignocaine and bupivacaine 
could be porphyrinogenic [16]. Extradural pro- 
caine and fentanyl have been used during labour 
in a porphyric patient, who had an uneventful 
delivery, with no clinical or biochemical evidence 
of the induction of an acute attack [17]. 

Although lignocaine should be avoided in 
porphyric patients, Nakamura, Koide and Taka- 
hashi have described its successful use in extra- 
dural anaesthesia for Caesarean section [18]. This 
highlights the problems of interpreting individual 
case reports in porphyric patients. Exposure to 
known prophyrinogenic agents does not always 
produce an acute episode [19], and the outcome of 
individual case reports must be interpreted in the 
light of the information from animal models. 

Procaine is probably the safest local anaesthetic 
to use in porphyric patients. Hunton has de- 
scribed its successful use for extradural analgesia 
in labour [20]. However, most anaesthetists are 
unfamiliar with its use, and it may not be readily 
available in an emergency. Although bupivacaine 
was porphyrinogenic in Deybach’s model, it has 
never been implicated in the induction of an acute 
attack in man [12]. 

The use of subarachnoid anaesthesia minimizes 
the total dose of drug to which the patient is 
exposed; drugs which appear to be safe can 
become porphyrinogenic when given in larger 
doses [10]. 

The likely causes of the neurological deficit that 
occurs in AIP have been reviewed recently [3]. It 
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would appear to be caused by either a deficiency 
in haem or an increase in delta-amino laevulinic 
acid synthase, which are directly harmful to nerve 
tissue. There is no evidence that the use of 
bupivacaine in a regional anaesthetic technique 
either precipitates an attack of AIP or is directly 
harmful to nerve tissue. 

In conclusion, regional anaesthesia with bupi- 
vacaine is an acceptable technique for Caesarean 
section in patients with acute intermittent por- 
phyria. There is no evidence to suggest that 
general anaesthesia is a safer option for porphyric 
patients. 
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A NEW INFANT OSCILLATORY VENTILATOR 


M. K. CHAKRABARTI, A. HOLDCROFT, S. SAPSED-BYRNE 


AND J. G. WHITWAM 


SUMMARY i 

A new, simple and inexpensive oscillatory ven- 
tilator is described in which a rotating jet 
mounted in the breathing duct generates cy- 
clically positive and negative pressures in the 
airway with a sinusoidal flow waveform. Unlike 
conventional oscillatory ventilators it is free from 
restrictions to inspiratory or expiratory gas flows 
and open to atmosphere at all times, making it 
intrinsically a safe system for ventilation. A 
prototype rotating jet oscillatory ventilator de- 
signed for application in infants was evaluated in 
rabbits (mean weight 3.8 kg). The positive peak 
and mean airway pressures were significantly 
less during oscillatory ventilation at 300 and 
420 b.p.m. compared with normal and high 
frequency positive pressure ventilation at 30 and 
300 b.p.m., respectively, while maintaining 
blood-gas tensions within the normal range. An 
increase in the oscillatory frequency from 300 to 
420 b.p.m. provided no further benefit in terms 
of airway pressure, tidal volume or blood-gas 
tansions. 


KEY WORDS 
Ventilation: high frequency, oscillation, airway pressure. 


High frequency oscillatory ventilation (HFOV) 
has been used successfully in the treatment of 
infants with respiratory failure from several causes 
[1-6]. Conventional oscillatory ventilators contain 
a piston or bellows pump which provides cy- 
clically positive and negative pressures in the 
airway with a sinusoidal flow waveform. The 
respiratory fresh gas (RFG) is supplied as a 
continuous bias flow, usually at the proximal end 
of the tracheal tube. A narrow-bore outlet tube is 
used to discharge the expired gas from the patients 
along with the bias flow gas. It acts as a low pass 
filter to impede the discharge of the high fre- 


quency inspiratory gas flow so that it is delivered 
to the lung. The tidal volume is adjusted normally 
by changing the excursion of the piston or bellows 
or by introducing a leak (5, 6]. In all such systems, 
to avoid the accumulation of carbon dioxide from 
expired gas and to meet the peak inspiratory flow 
demand during spontaneous inspiration, the RFG 
must be high, which in turn may generate 
undesirably high continuous positive pressure in 
the airways (PEEP) because of the high resistance 
of the expiratory outlet. If the expiratory re- 
sistance is decreased to obviate the PEEP effect, 
most of the inspiratory tidal volume is lost. Some 
workers have used very high RFG with balanced 
suction at the expiratory outlet to counter this 
problem [7]. 

A new, simple and inexpensive ventilator is 
described which provides oscillatory ventilation 
especially in infants. 


METHODS 


Oscillatory ventilator 


The new oscillatory ventilator is essentially a 
rotating gas jet (J,) placed downstream in the 
widebore open limb of a T-piece breathing system 
and alternately directed upstream and down- 
stream (fig. 1). The warmed and humidified, low 
pressure RFG is supplied to the proximal end of 
the tracheal tube, which is connected to a standard 
three-way connector, at a flow rate of not less than 
300 ml kg“ with a minimum of 2 litre min`. The 
rotating jet, the orifice of which has an internal 
diameter of 1.2 mm, is coupled to a variable speed 
electric motor and the oscillation frequency is set 
by controlling the speed of the motor. The driving 
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FIG. 1. Schematic diagram of oscillatory ventilator. RFG = Respiratory fresh gas; F1 and F2 = bacterial 
filters; J, = rotating jet, J, = PEEP jet, PR1 and PR2 = pressure regulators for the driving pressure for 
J, and Jp. 


gas to the rotating jet is supplied from a standard 
hospital pipe line (400 KPa, 60 lbf in*) through a 
pressure or flow regulator (PR1). The outlet of the 
pressure regulator is connected to the rotating jet 
assembly. The gas flows into a cavity surrounding 
the jet shaft, which in turn connects to the jet 
nozzle through a 5-mm channel in the shaft. The 
outer body in which the jet shaft rotates 1s made of 
PTFE material so that no gas leaks between the 
shaft and the body; a high pressure gas seal could 
be used. However, as the gas flows continuously 
through a comparatively low resistance path, gas 
leakage has not been a problem. 

The driving gas may be any dry gas, either the 
same air—oxygen mixture as the RFG, or air. The 
open limb of the T-piece system is a standard 
disposable infant ventilator tube (i.d. 10 mm; not 
less than 50 cm long). The outlet tube of the jet 
assembly is 8-10 mm i.d. and 10-15 cm long. 
When driving gas is supplied to the rotating jet it 
cyclically generates sinusoidal flow in the breath- 
ing duct, confirmed by Fourier analysis using a 
“waterfall” programme (Cambridge Electronic 
Design, CED 1401). A sinusoidal positive- 
negative pressure wave-form is generated with an 
inspiratory to expiratory (I:E) ratio of 1:1, which 
acts as a pneumatic piston to drive the RFG in 
and out of the lungs. The magnitude of the 
pressure which is generated and applied to the 


airways depends on the driving pressure, the gas 
flow, and the design of the jet assembly. The 
nominal driving gas consumption varies between 
10 and 15 litre min“, depending on the airway 
pressure requirement. 

PEEP is created by a fixed jet (J,) with an 
internal diameter of 0.8 mm placed downstream 
of the rotating jet (fig. 1). A pressure or a flow 
regulator (PR2) controls the magnitude of ex- 
ternally applied PEEP, in a manner identical to 
that of a new infant ventilator described elsewhere 
[8]. 

At the outlet of the jet manifold (fig. 1), a wide 
bore tube (standard disposable tube of 22 mm 
i.d.) and a bacterial filter (F2) of negligible 
resistance to gas flows ( < 0.1 kPa at 1 litre s“') are 
used as a silencer to suppress jet noise. In clinical 
application, another similar filter (Fl) may be 
used between the breathing system and jet 
manifold to avoid bacterial contamination of the 
jet assembly [8]. The jet assembly can be sterilized 
in situ by nebulizing a chemical agent through the 
assembly [8]. Alternatively, it may be removed 
and autoclaved or gas-sterilized. Although this 
particular oscillatory ventilator is designed for 
infants, the same principle could be used for 
adults, with suitable adjustment of the jet as- 
sembly. However, the gas consumptions are much 
greater. 
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Evaluation in rabbits 


The new ventilator was used to apply HFOV to 
seven rabbits (mean (SD) weight 3.8 (0.4) kg) with 
normal lungs. Comparison was made with high 
frequency ventilation (HFPPV) at 300 b.p.m. 
using a similar valveless infant ventilator designed 
for both normal and high frequency ventilation 
[8,9]. Anaesthesia was induced with thiopentone 
10-20 mg kg™ into an ear vein and maintained 
with a continuous infusion of 1% thiopentone 
6-9 mi h™ (20 mg kg! h`). The femoral artery 
and vein were cannulated for arterial blood 
sampling and injection of drugs and fluids, 
respectively. The animals were paralysed with 
suxamethonium 10 mg i.v. in repeated bolus doses 
after tracheotomy had been performed with an 
uncuffed paediatric tracheal tube (4.5 mm i.d., 
length 10cm). A snare was placed around the 
trachea to prevent gas leak and, initially, venti- 
lation was controlled (IPPV) at 30 b.p.m. with 
an I:E ratio of 1:2 using the infant ventilator 
{8,9]. The pressure applied to the driving jet was 
adjusted to maintain the airway pressure at 10- 
15cm H,O and Pago, at 44.7 kPa. The arterial 
and airway pressures were measured by strain 
gauge transducers and displayed and recorded 
(M19 Devices, Welwyn Garden City, U.K.). 
Calibration was performed against mercury and 
water columns. Airway pressure (Paw) was mea- 
sured at the proximal end of the tracheal tube at 
the three-way connector. 

After the control samples and recordings were 
taken either HFPPV at 300 b.p.m. or HFOV at 
300 and 420 b.p.m. were applied. The driving 
pressure of the rotating jet was adjusted to 
maintain a similar Paco, during HFOV as during 
HFPPV. 

At least 20 min was allowed after each change 
in mode or frequency of ventilation before blood- 
gas samples were taken and pressure measure- 
ments recorded. Arterial blood-gas samples were 
analysed immediately with a Radiometer blood- 
gas analyser. Tidal volumes (VT) were measured 
at each frequency of ventilation or oscillation with 
a pneumotachograph system (Gould Medical) by 
placing the flow transducer between the tracheal 
tube and the three-way connector of the breathing 
duct. After the measurement of VT the flow 
transducer head was removed to avoid an increase 
in ventilation deadspace. The pneumotachograph 
recording system used has a frequency response 
flat to 80 Hz and was calibrated before each 
measurement with a gas syringe. 
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Statistical analysis was performed using two- 
way analysis of variance and paired ¢ tests where 
appropriate. P < 0.05 was regarded as significant. 


RESULTS 


The flow waveform during HFOV at 300 b.p.m. 
in rabbits had a sinusoidal pattern creating 
sinusoidal positive and negative airway pressures 
as inspiration and expiration, respectively (fig. 2). 
The driving gas consumption was 12-15 litre 
min7}, 

Airway pressure waveform also was sinusoidal 
(fig. 2). The mean peak airway pressure (Paw) 
decreased significantly during HFPPV_ at 
300 b.p.m. and HFOV at 300 and 420 b.p.m. 
compared with the control IPPV (table I), but 
differences in inspired peak Paw between HFOV 
and HFPPV were not significant. During HFOV, 
but not HFPPV, negative airway pressures were 
generated during the expiratory phase (table I). 

The mean airway pressures during HFOV 
decreased significantly compared with HFPPV 
and control IPPV (30 b.p.m.). A low PEEP of 
0.2kPa was observed during HFPPV, but not 
during HFOV (table I). 

Tidal volume waveform produced by the ven- 
tilator is shown in figure 2. VT decreased sig- 
nificantly from a mean value of about 10 ml kg 
to 2 ml kg™ during HFPPV and HFOV compared 
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Fic. 2. Record of flow, airway pressure and volume 

characteristics of the new oscillatory ventilator Oscillatory 

frequency = 420b.p.m. Upward deflections = inspiratory 
phase. 


NEW INFANT VENTILATOR 


TABLE I. Ventilatory and blood-gas data (mean (SEM)) totth 
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different modes of ventilation in rabbits (n = 7). IPPV = Inter- 


mittent positive pressure ventilation (control); HFPPV = high frequency positive pressure ventilation; HFC V = high frequency 
oscillatory ventilation *P < 0 05, paired t test compared with IPPV; t analysis of vartane 


IPPV 
30 b.p.m. 

Peak airway pressure (KPa) 

Inspiratory, 1.3 (0.17) 

Expiratory 0 
Mean airway pressure (KPa) 0.53 (0.07) 
Tidal volume (ml) 41 (5.6) 
Paco, (kPa) 4.2 (0.27) 
Pao, (KPa) 54.3 (3.3) 
pH (arterial) 7.470 (0.052) 


Mean arterial pressure (mm Hg) 113 (8) 


with control IPPV, without a change in Paco, 
(table I). There was no significant difference in 
VT between HFPPV and HFOV at 300 and 
420 b.p.m. 

Ventilation was maintained adequately through- 
out, as reflected in Pago, values (table I). However, 
there was a small increase in Paco, during HFOV 
at 420 b.p.m. compared with 300 b.p.m., although 
the driving pressure was kept constant. 

There were no significant differences in pH, 
Pao, or mean arterial pressure (MAP) during the 
study period (table I). 


DISCUSSION 


The phenomenon of gas trapping in the lungs 
during high frequency ventilation (HFV) because 
of short expiratory time compared with the time 
constant of the pulmonary system is well known 
[8]. An active expiratory phase during HFOV 
may Overcome or minimize the problem of an 
undesirable increase in lung volume during HFV, 
and hence maintain a lesser mean airway and 
alveolar pressure. Oscillatory ventilators normally 
comprise either a reciprocating piston or bellows 
and the ventilation system is almost closed, with 
high impedance to expiratory flow [5-7]. The new 
oscillatory ventilator described here, although 
providing very similar inspiratory and expiratory 
sinusoidal flow patterns (fig. 2) is open to the 
atmosphere at all times, with a negligible re- 
sistance to both inspiratory and expiratory flow; 
therefore, spontaneous respiration is unimpeded, 
even when the RFG is only 2 litre min, which is 
less than the peak inspiratory flow rate of an 
infant. The rotating jet could also be applied 
directly to the airway, in which case the driving 


HFPPV HFOV HOV 

300 b.p.m. 300 b.p m 420 >.p.m TP 
0.9 (0.20)* 0.6 (0 16)* 05(0.10)* <001 
+0.2 (0.05) —0.4 (1.0)* —0.4(0.09)* <0.01 
0.50 (0.09) 0.17 (0.04)* 0.16(0.04)* <0Q01 
8 (1.4)* 7.5 (1.2)* 7.1 (1.8)* < 0.01 

4.0 (0.41) 4.1 (0.51) 4.5 (0.81) ns 

57.3 (3.6) 55.2 (3.6) 51.4 (3.8) ns 

7.524 (0.019) 7.487 (0 019) 7.441 (0.025) ns 

114 (12) 113 (10) 110 (9) ns 


gas would become the respiratory fresh gas; 
however, this configuration woud increase the 
apparatus deadspace because of the connecting 
tubes. 

In this study the frequency of Dscillations was 
maintained at 300 and 420b.p.m. Rossing and 
colleagues [7] demonstrated that. at frequencies 
greater than 300 b.p.m., no further improvement 
in elimination of carbon dioxide could be 
achieved, even with a constant tidal volume. The 
present study confirmed this observation. 

A desirable feature of this oscillatory ventilator 
is the absence of resistance dumng expiration, 
thereby preventing uncontrolled PEEP and gas 
trapping in the lungs. During HFFPV at a similar 
frequency of ventilation, 0.2 kPa PEEP was 
observed. A trapped gas volume of22 litre has been 
observed in man after applicaticn of an oscil- 
latory ventilator at frequencies less than 10 Hz 
for only 308 [10]. If PEEP is required in this 
new system, it may be applied by using the second 
fixed jet. Although the blood-gas tensions during 
HFPPV and IPPV were very simiar to HFOV at 
300 b.p.m., the mean airway pressures were 
significantly lower during HFO'V, which has been 
shown to be beneficial to infants with persistent 
pulmonary hypertension [6]. 

A multicentre trial [11] of oscillazory ventilation 
in critically ill pre-term infants has not shown any 
benefit compared with convention.l positive pre- 
ssure ventilation. However, some of the earlier 
studies [1-6], which led to the multicentre trial, 
were more encouraging. The differences between 
the studies may be explained by lacx of uniformity 
of lung pathology, the ventilation =requency used 
and the characteristics of the vent_lators used. 

This new jet driven oscillatcry ventilation 
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system using a relatively low respiratory fresh gas 
flow upstream in a wide bore breathing tube free 
of restrictions and valves prevents an increase in 
airway pressures. The preliminary results suggest 
that it may overcome some problems of earlier 
ventilators and is worthy of further investigation. 
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EFFECT OF HALOTHANE AND INSPIRED 
OXYGEN CONCENTRATION ON LIVER PROTEIN 
SYNTHESIS 


K. FERGUSON*, S. D. HEYS*, A. C. NORTON*, 
C. R. DUNDAS AND P. J. GARLICK* 

Rowett Research Institute, Bucksburn, Aberdeen, and the 
Departments of Anaesthesa and Surgery, Untvernty of 
Aberdeen 


The pathogenesis of halothane-induced depression of liver 
protein synthesis remains unclear. However, a reduction in 
hepatic oxygen supply, secondary either to myocardial 
depression, ventilatory depression or both, or to a direct ac- 
tion in altering liver blood flow, has been suggested [1] ‘This 
study investigated the effect of different systemic arterial 
oxygen tensions on halothane-induced depression of liver 
protein synthesis. 

Groups of fasted young, male Hooded Lister rats (n = 12) 
underwent exposure for 1h to 1.4% halothane vaponzed in 
air, oxygen-enriched air (Fio, 0.28), oxygen-enriched aur 
(Fig, 0.40) or room air without halothane (control group). 
The inspired concentrations of halothane, oxygen and carbon 
dioxide were monitored continuously using a Datex Capnomac 
monitor, and the ventilatory pattern and rectal temperature 
noted also. y 

Arterial blood-gas tensions in response to the above regi- 
mens had been measured in an initial study (table D. 

Fractional rates of liver protein synthesis were determined 
by ınjecnon of (*H]phenylalanine 1 5 mmol kg", during the 
last 10 min of anaesthesia [2]. The fractional rate of protein 
synthesis in the control group was 89.1 (sEM 1.4)% day~?. 
Treatment with 1.4% halothane ın ar reduced this to 73 1 
(2.8) % day! while halothane in 28% oxygen and halothane 
in 40% oxygen reduced the rate to 76.3 (14)% day and 
72.3 (2.0)% day~', respectively (reductions in protein 
synthesis significant when assessed using t tests with a pooled 
estimate of variance (P < 0.01)). 

These data demonstrate that the reduction m liver protein 
synthesis in response to halothane exposure 1s not mediated 


by systemic hypoxia. However, further work 1s required to 
evaluate the role of alterations tn liver blood flow, hypercap- 
ma and acidosis. 
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EFFECT OF ISCHAEMIC WORK ON THE 
RELAXATION RATE OF PATIENTS POTENTIALLY 
SUSCEPTIBLE TO MALIGNANT HYPERTHERMIA 


A. URWYLER*, F. R. ELLIS, P. J. HALSALL* AND 
P M. HOPKINS* 

Umversty Department of Anaesthesia, St James s Unrvernty 
Hospital, Leeds 


Recent nuclear magnetic resonance (NMR) spectroscopy 
studies of human skeletal muscle, using phosphorus-31 NMR 
spectroscopy, demonstrated differences in energy metabolism 
of malignant hyperthermia suscepnble (MHS) compared with 
MH negative (MHN) subjects [1]. Muscle relaxation rate 
(RR) is determined by metabolic factors related to energy 
metabolism of skeletal muscle [2]. The present study was 
designed to investigate RR in potennal MHS subjects after 
ischaemic work and aerobic recovery, as an alternative method 
in detecung intracellular changes in skeletal muscle energy 
metabolism. 

Ten ASA I potential MHS patients were investigated 
the day before muscle biopsy for MH screening The study 
was approved by the Ethics Committee and patients gave 
their written informed consent. RR of the adductor pollicis 
muscle was measured before and after 2 min ischaernic work 
and 3 min after aerobic recovery. A supramaximal electrical 
stimulation for 1 6s at 20 Hz was applied to the ulnar nerve 
at the wrist. Muscle relaxation was measured on the thumb 


TABLE I. Effect of utspired gas on arterial blood-gas tensions and pH (mean (SEM)) ** P < 0.01 compared 


with control 
Control Air 28 % Oxygen 40% Oxygen 
Pao, (kPa) 13 0 (0.6) 7.7 (0.4)** 14 5 (1) 21.0 (0.6)** 
Pago, (kPa) 4.4 (0.5) 8.3 (0 3)** 7.7 (0.6)** 6.9 (0.2)** 
pH 7 5 (0.02) 7.2 (0.01)** 7.2 (0.02)** 7 3 (0.02)** 


AR (% (10 ms}™*} 





Fic 1. Muscle relaxation rate (RR) after ischaemic work and 

aerobic recovery (mean (SBM)) in MHS (@) (n = 3) and MHN 

(©) (n = 7) subjects. A = Control RR before work; B = RR 

after 2 min ischaemic work; C = RR after 3 min aerobic re- 
covery 


using a force transducer and RR was expressed as force lost 
% (10 ms)-!. Temperature was standardized using a 37 °C 
water bath before the investigation. Skin temperatures were 
30.6 (sp 1.4) °C ın the MHS group and 30,7 (0.6) °C in the 
MHN group. 

Three patents were considered MHS and seven patients 
MHN, on the basis of caffeine and halothane contracture 
tests. The effect of ischaemic work and aerobic recovery did 
not appear to differ in MHN and MHS subjects (fig. 1). It is 
proposed that RR is not as sensitive as phosphorus-31 NMR 
spectroscopy in detecting intracellular changes in skeletal 
muscle energy metabolism in MHS subyects 
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EFFECTS OF E. COLI LIPOPOLYSACCHARIDE 
ON NEUROMUSCULAR TRANSMISSION 


P. M. HOPKINS*, F. R. ELLIS AND J. G. JONES 
Umversity Department of Anaesthesia, Leeds 


Failure of respiratory muscle is common among critically ill 
patients with sepsis, and it has been shown that endotoxic 
shock predisposes to diaphragmatic and respiratory failure 
{1]. However, the mechanisms mediating this muscle failure 
remain controversial [2]. Previous studies have used muscle 
preparations from animals in which sepsis was induced sev- 
eral days before muscle function testing The present study 
was undertaken to see 1f lipopolysaccharide (LPS) (L-3254 
from E. Colt 026:B6, Sigma) affects the i vitro rat phrenic 
nerve—diaphragm preparation. 

All experiments were performed using preparations from 
female Wistar rats weighing 200-250g. The diaphragm 
preparations were placed in a tissue bath containing Krebs 
solution at 37 °C perfused with 5% carbon dioxide in oxygen. 
The response to background 0.2-Hz supramaximal square 
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wave electrical stimulation was recorded on a Gould 2200 
recorder using an Ormed 4157 force transducer An index of 
fatigue was derived from the change ın force of contraction 
on changing the stumulaung frequency from 0.2 Hz to 1 Hz 
for 1 min. 

‘The study was performed ın three stages. 

(1) Ten phrenic nerve-diaphragm preparations were used 
to assess if LPS had any effect on force of contrachon or 
faugue Each preparation was tested before and after 
incubation ın Krebs solution with or without LPS 0 1 mg 
litre! for 1h Incubation in LPS for 1 h had no effect on the 
force of a single contraction, but did produce an increase in 
faugue at 1 Hz (P<001), whilst control preparanons 
showed no significant change in fatigue compared with before 
incubation 

(2) The further preparations were treated as stage 1, except 
that the incubation medium also contained tubocurarine 
5 ug ml7! to test whether the fatigue was the result of an effect 
on neuromuscular transmission or a direct muscle effect 
There was no difference in fangue between LPS-treated and 
control preparations, indicating that fatigue was the result of 
an effect on neuromuscular transmission 

(3) Because LPS had no effect on force of contraction when 
the muscle was stimulated at 0.2 Hz, prejunctional 
neuromuscular block was considered. This was studied by 
testing LPS-treated preparations using high frequency 
stimulation regimens in the range 1-50 Hz. LPS produced 
effects sumilar to low doses of tubocurarine [3] 
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GLUCOSE UTILIZATION AND THE 
THERMOGENIC EFFECT OF INFUSED GLUCOSE 
IN CRITICAL ILLNESS 


E. SULLIVAN, C. J. GREEN, C. J. REGAN, 

S UNDERHILL, D. P. M. MACLAREN AND 

I. T. CAMPBELL 

Intensive Therapy Unit, and Umversity Department of 
Anaesthesia, Royal Liverpool Hospital, Laverpool 


The hyperglycaemic glucose clamp is a technique for 
measuring rates of utilization of glucose and observing the 
metabolic response to mfused glucose under controlled 
conditions [1]. It has been used in 15 patients with muluple 
organ failure (7 M: 8 F; ages 18-76 yr, median 66 yr) with 
sepsis scores [2] of 8-21 (median 15) and APACHE IT scores 
of 11-32 (median 16), who were undergoing artificial venti- 
lation. Seven healthy volunteers (5M:2F) aged 23-55 yr 
(median 51 yr) were also studied. 

Patients were fed i.v. untl 18:00 the evening before the 
study, although they were allowed 5% glucose as part of their 
24-h fluid requirements until 06:00 if this was clinically 
mdicated. The volunteers fasted overnight. In the panents, 
arterial cannulae and central venous catheters were used for 
blood sampling and infusion of glucose. In the control 
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subjects glucose was infused via a peripheral vein and 
artenialized blood sampled using the heated hand technique 

After a 30-min control period, glucose was infused to in- 
crease blood glucose to 12 mmol litre! over 20 min and to 
maintain it at 12 nmol litre! for a further 160 min Blood was 
sampled every 5 min and the rate of infusion of glucose 
adjusted in accordance with the algorithm of De Fronzo, 
Tobin and Andres [1]. Energy expenditure was measured 
continuously in the patients using an Engstrom Metabolic 
Computer (Gambro Engstrom, Bromma, Sweden) and tn the 
control subjects using a ventilated hood technique. 

Glucose utilization rates were calculated over 20-min 
periods In the patients, mean (SEM) glucose utilization rate at 
40-60 min of infusion was 35 (3.8) umol kg~! min`! and in 
the volunteers it was 28.3 (3.7) umol kg™! min~! (ns). In the 
patients, the rate of utuhzation of glucose did not alter over 
the course of the study, but in the contro] subjects it 
increased significantly, to 601 (65) umolkg™' min"! at 
160-180 min (P < 0.01). 

There was no difference in energy expenditure in the two 
groups at the start (patients 168(7.9); controls 157 (4.2) 
kJ m= h™) and it did not alter in the patients, but mcreased 
in the control subject to 179 (4.2) kJ m? h7!, representing an 
increase from resting value of 13.5°, (P < 0.01). 

It 18 concluded that patients with multiple organ failure re- 
spond to a 3-h hyperglycaemic glucose clamp, with no 
increase ın the rate of unlization of glucose and an absence of 
glucose-induced thermogenesis, whereas in normal control 
subjects both energy expenditure rate of utilization of glucose 
showed an increase 
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COMPARISON OF FRUSEMIDE AND MANNITOL 
FOR DIURESIS AFTER PROSTATECTOMY 


K. CROWLEY, K. CLARKSON, V HANNON AND 
A. MCSHANE 

Department of Anaesthesia and Critical Care Medtetne, 
St Vincents Hospital, Dublin 


Frusemide 1s administered commonly to promote diuresis 
after prostatectomy, when water intoxication may occur It 
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can cause hyponatraemia and hypo-osmaality Mannitol, in 
contrast, increases serum osmolality and is used to treat water 
intoxication [1]. We have tested the hypothesis that frusemide 
would exacerbate, and mannitol would amenuate, the effects 
of water intoxication as part of the “‘post- TURP syndrome”. 

In a prospective, randomized, double-bL.nd, controlled trial 
we compared the effects of mannitol 80 (15 patients) and 
frusemide 40 mg (15 patents) in prometing diuresis after 
prostatectomy and on markers of water mctoxication. 

Frusemide and mannitol had comparable diuretic effects. 
Sodium loss was greater with frusemide contributing to a 
sodium depletion after operation and a Ergher incidence of 
hypovolaemia., Adminstration of mannitol was associated with 
higher plasma osmolality than occurred with frusemide 

Mannitol is a logical and effective alternative to frusemide 
in including diuresis after prostatectomy, and may protect 
against water intoxication. 
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NEONATAL ACID-BASE STATUS AFTER 
GENERAL, SPINAL OR EXTRADUR«aL 
ANAESTHESIA FOR CAESAREAN SECTION 


F. M. RATCLIFFE 
Nuffield Department of Anaesthetics, John Padcliffe Hospital, 
Oxford 


Acid-base balance in 85 neonates has beer: compared follow- 
ing elective Caesarean section under geneal (n = 34), spinal 
(n = 28) or extradural (n = 23) anaesthesia. All women had 
healthy uneventful pregnancies. 

General anaesthesia was induced in the eft lateral tilt pos- 
1uon. Following preoxygenation, patients received 
thiopentone, suxamethonium and 40% oxxgen in nitrous ox- 
ide suppl -mented by 0 3% halothane. 

Spinal anaesthesia was established witk 2-3 ml of heavy 
bupivacaine or 0.5% cinchocaine after preloading with 
Hartmann’s solution 20 ml kg™, An intusion of 0.01% 
ephedrine was commenced, and the rate adjusted to prevent 
hypotension (SAP < 100 mm Hg) (mean dose 46 4 (sp 14 8) 
mg) 

Extradural anaesthesia was established with 0.5%, bupi- 
vacaine given by incremental doses :mean dose 1l 
(30.2) mg, following a fluid preload with 1 Itre of Hartmann’s 
solution. Ephedrine (6-mg boluses) was gi~en to treat hypo- 
tension (SAP < 100 mm Hg) (mean dose 17.7 (16.7) mg) 


TABLE I] Mean (sp) MapH, UvpH and UapH values, I-D mtervals, incidence of maternal hypo-ension 
and Apgar scores of neonates of patients recerving general (G), spinal (S) or extradural (E) anaesthesia 


P < 0.05 
G S E (ANOVA) 

MapH 7.41 (0.03) 7.45 (0 04) 7 46 (0.03) Gus8;GuoskE 
UvpH 7.36 (0.03) 7.35 (0.06) 7.37 (0 02) 
UapH 7 3 (0.03) 7.25 (0.08) 7.19 (0.04) Sos G; Soss E 
I-D time (min) 9.7 (3.3) 45.0 (11.9) 77.3 (18.3) Gous $S; Gus E 

Suo E 
Hypotension 5 82 GusS,GuosE 
Apgar > 7 75 96 Gv E 
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All patients receiving regional anaesthesia remained ın full 
lateral position until the start of surgery, when sensory an- 
aesthesia to T4 had been achieved. 

In all patients, arterial pressure was measured at 1-muin 
intervals, and the induction-delivery ume (I-D) and Apgar 
scores recorded. Blood pH was analysed from a maternal ar- 
tery (MapH) at the time of uterme incision, and from the 
umbilical artery (UapH) and vein (UvpH) at delivery. 

Neonatal acidaemia (as measured by UapH) was greater 
after spinal (P < 0.05) compared with extradural or general 
anaesthesia (ANOVA) (table II). Stepwise multiple 
regression analysis performed on UapH as the dependent 
variable against dose of ephedrine, presence of hypotension 
and I-D interval demonstrated a significant association (P < 
0.025, r* = 0.103) between increasing doses of ephedrine and 
decreasing UapH 

The greater dose of ephedrine required during spinal 
anaesthesia may have contributed to the increase tendency to 
neonatal acidaemua in this group. This may have implications 
in the use of spinal anaesthesia in situations in which the fetus 
1s compromised (eg. intrauterine growth retardation). 


EFFECTS OF ALTERING VENTILATION ON pH 
AND POTASSIUM ION ACTIVITY 


K. R. HUGHES, T. TREASURE AND S. I. G SEMPLE 
Department of Medscine, Middlesex Hospital, London 


It is generally believed that acute respiratory acidosis causes 
hyperkalaemia and acute respiratory alkalosis causes 
hypokalaemia, based on results obtained using intermittent 
blood samples [1]. 

In this study pH and potassium 10n activity were measured 
continuously with a tri-n-dodecylamine based hydrogen ion- 
sensitive electrode and a valinomycin based potassium-sensi- 
tive electrode, both in an arterio~venous shunt [2, 3]. Fol- 
lowing Hospital Ethics Committee approval and mformed 
consent, 11 patients (age range 42-73 yr) were studied on the 
intensive care unit after cardiothoracic surgery. Baseline ven- 
tilaton was chosen to keep Pag >11 kPa and Paco 
4-5.5 kPa. In each patient respiratory acidosis was produced 
by halving the ventilatory frequency and by halving the tidal 
volume. Similarly, alkalosis was produced by increasing the 
ventilatory frequency and by increasing tidal volume by 1.5 
umes the baseline value. After each mantpulation, ventilanon 
was returned to baseline. Each manoeuvre was performed 
until stable pH and potassium concentration were reached, 
which occurred after approximately 5 min 
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Results are expressed as mean (SD). 

When the pH was decreased by halving the tidal volume or 
the ventilatory frequency, plasma potassium decreased 
significantly (P < 0.05, paired ¢ test) for both manoeuvres. 
Plasma potassium increased significantly when the pH was 
increased by the tidal volume (P < 0.001) and increasing the 
ventilatory frequency (P < 0.01) (table IID. 

In our studies we found that potassium ton activity 
changes in the direction opposite to hydrogen ion activity, 
rather than in the same direction, as is usually thought to be 
the case. 
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THE BRAIN LARYNGEAL MASK AIRWAY AS AN 
AID TO INTUBATION 


M. L. HEATH AND J. ALLAGAIN* 
Department of Anaesthetics, Lewisham Hospital, London 


The Brain Laryngeal Mask (BLM) is a novel airway that has 
recently become available [1]. Correct insertion of the device 
places the distal aperture close to the larynx and this study 
was designed to asses the feasibility of using 1t to insert a tube 
without laryngoscopy. 

An uncut, standard 6-mm oral or nasal cuffed tube will 
pass through sizes 3 and 4 BLM, projecting 7.5 cm beyond 
the laryngeal aperture. The upper border of the cuff ıs thus 
likely to be placed about 3 cm below the vocal cords. The 
tube must be well lubricated and rotated 90° to the left 
during passage to bring the bevel anterior so that it passes 
smoothly between the laryngeal aperture bars. 

We studied adult patients, ASA I or II, presenting 
consecutively for elective or scheduled surgery requiring tra- 
cheal anaesthesia but not access to the pharynx. After 
premedication with diazepam, anaesthesia was induced with 
propofol 1.5-2.5 mg kg~?, and a small dose of opioid. A face 
mask was applied, and the lungs ventilated for 30-60 s with 
oxygen to which approximately 2 MAC of inhalation agent 
was added. The BLM (size 3 for women, 4 for men) was 
inserted and the cuff inflated with 20-30 ml of ar before 


Tase lil. Effects of changes in tidal volume (VT) and ventilatory frequency (f£) on pH, potassium ton 
actnnty and end-tidal carbon dioxide concentration (E co,) 


Baseline Reduced VT Baseline Reduced f 
pH 7.36 (0.06) 7.318 (0.06) 7.356 (0.08) 7.314 (0.082) 
K+ (mmol litre~1) 4.36 (0.47) 4.18 (0.44) 4.28 (0 69) 4.2 (0.72) 
Eco, (%) 5 13 (0.7) 6.7 (1 15) 5 07 (0 79) 6.29 (0.99) 

Baseline Increased VT Baselme Increased f 
pH 732 (0.07) 7.366(007) 7353(9.076) 7.39 (0 083) 
Kt (mmol ltre~!) 419(0.61) 4.39 (058) 4 3 (0.52) 4.5 (0.53) 
Eco, (%) 5.48 (0.80) 4.382 (0.57) 5.29 (0.75) 4.1 (0.65) 
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attaching the breathing circuit and checking ease of 
ventuation. 

Suxamethonium 1 mg kg~! was given and the circuit dis- 
connected when full relaxanon was judged to have occurred. 
The patient was positioned as for routine laryngoscopy and 
the tracheal tube passed down the BLM. The circuit was 
reconnected, ventilation resumed and the cuff inflated until 
no leak was audible if lung inflation was normal. 

Each stage of the procedure was umed during the first 
series of 25 patients, 1 min being allowed for insertion of the 
BLM and 1 min for passage of the tracheal tube. A second 
series of 25 patients was studied without umings. 

In the first series, 18 patents (72%) underwent 
uncomplicated intubation of the trachea in an average time of 
13 s (range 7-27 s$). Three patients were satisfactorily intubated 
after minor adjustments (position or amount of air in cuff), 
bringing the success rate to 84% The procedure was aban- 
doned in three patients because the BLM was not satisfac- 
tory placed within 1 min; the remaining patient’s trachea 
had probably been correctly intubated as ıt was equally 
difficult to inflate the lungs after conventional laryngoscopic 
intubation. 

In the second series, 19 patients underwent easy intubation 
of the trachea, a further five had successful untubation after 
minor adjustments and only one was abandoned, after three 
attempts. 

The overall success rate of 90% suggests that this 
technique may prove valuable as an additional method of in- 
tubation, and further study is warranted. 


REFERENCE 
1. Brain AIJ. British Fournal of Anaesthesia 1983; 55: 913. 


IS THERE AN “OPTIMUM” INTUBATING 
POSITION? 


I. TWEEDIE, P. J. SINGH*, D. R. WILLIAMS* AND 
P. CHARTERS 
Department of Anaesthena, Royal Liverpool Hospital 


A “Standard Intubating Posinon”’ has been advocated for the 
investigation of difficult laryngoscopy [1]. Analysis by x-ray 
laryngoscopy im patients in whom difficult intubation of the 
trachea was experienced [in preparation] has highlighted an 
“ease of intubanon anglie” (EoI), which is described by 
the angle between a line from the mternal mid-point of the 
mandibular symphysis to the tip of the upper incisors and a 
line joining the latter to the anterior airway just above the 
vocal cords. As Eol 1s probably affected by head and neck 
position, we investigated the possibility that EoI value would 
indicate if an “opnmum” position was feasible. 

After local Ethics Committee approval, 20 patents 
consented to participate in the study. Patients at risk of as- 
piration or ASA Grade III or TV were excluded. With the 
head extended (within limitations of comfort), the neck was 
flexed to set positions using an “Angle Finder” [1]. EoI was 
measured with a purpose-built instrument. The “anterior air- 
way” above became the crico-thyroid notch and mouth 
opening was varied to measure Eo] maximum. After inducnon 
of anaesthesia and before intubation of the trachea, and 
with the right hand supporting the panent’s head, the 
anaesthetist observed the view at laryngoscopy from minimal 
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TABLE IV. Eol variation with neck flexion Mouth opening 
adjusted for maximum Eol but without forced jaw protrusion 





Angles m degrees 
Sol 
Neck Mean head ———------_____— 
flexion n extension Min Mar Mean sp 
(1.7) 16 38.8 —-4 13 43 4.0 
15 20 304 0 15 7.6 3.2 
25 20 21.6 5 25 10.5 52 
35 20 14.6 8 30 12.3 5.9 
40 20 8.5 6 28 134 50 
45 20 4.5 7 28 12.6 5.0 
50 20 —0.8 6 28 12.1 5.1 
(61 7) 12 —12.5 4 22 10.7 4.9 


neck flexion through to maximum. If the view altered, this 
was noted and the range for best view determined. 

In all 20 subjects, a view of the larynx was obtained for all 
angles of neck flexion except one, just at minimum flexion 
The average start of best exposure was 338° (sp 8 5°, range 
20—53°) and only once did ıt decrease with further flexion 
The overall maximum Eol occurred at 40° -table IV) and this 
was the case in 12/20. Maximum Eol and renge for best view, 
although not entirely consistent, were corapauble in 18/20 
subjects. 

The definition for a “Standard Intubatmg Position” was 
based on a literature review and limited observation of clinical 
practice. Although no previous quantitat.ve data exist to 
suggest an “optimum” position, these resalts imply such a 
concept ıs feasible and likely to be simila” to the standard 
already advocated. 


> 
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UPPER AIRWAY OBSTRUCTION BY THE SOFT 
PALATE: INFLUENCE OF POSITION DF HEAD, 
JAW AND NECK 


D. W. GALLOWAY 
Department of Anaesthetics, Royal Infirmary of Edinburgh 


The epiglottis, tongue and soft palate may contribute to up- 
per airway oobstructon during) general anaesthesia. 
Manoeuvres unproving airway patency, such as extension of 
the head, elevation of the occiput and anter:or displacement 
of the mandible, move the tongue and epig.ottis away from 
the posterior pharyngeal wall [1, 2], but their influence on the 
soft palate 18 not known. 

With Ethics Committee approval, 40 unpremedicated 
patients undergoing minor surgery with propofol, nitrous ox- 
ide, oxygen and enflurane anaesthesia were studied. Under 
direct vision, an oropharyngeal tube airway was placed with 
its distal end caudal and posterior to the up of the epiglotus 
and a gas-tight seal achieved at the lips Fersstrations in the 
airway allowed gas to flow both via the lumen to the anaes- 
thetic breathing system and via the nasopharynx and nose. 
Breath sounds were detected by auscultatior. at the external 
nares; absence of breath sounds, synchronou with connnued 
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TABLE V. Number of subjects unth nasal flow 
Head posinon 
Flexed Neutral Extended 

No pillow 0 7 17 
With pillow 2 10 21 
Thrust, no pillow 6 17 22 
Thrust and pillow 14 20 24 


movement of the reservoir bag, indicated obstruction by the 
soft palate. 

Observations were made in 12 positions: with the head 
flexed, ın neutral position, and extended; with and without a 
pillow, and with or without anterior thrust of the lower jaw. 
Any manoeuvre or change in position which markedly altered 
nasal flow was repeated for validation. 

In seven subjects there was no nasal flow in any position. 
Nine subjects had good nasal flow in all positions In the 
remaining 24, soft palate obstrucuon was influenced by 
positioning and jaw thrust (table V). Head extension was the 
most effective single manoeuvre, with jaw thrust and flexion 
of the neck by use of a pillow giving additional benefit 
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EFFECT OF ANAESTHESIA ON THE GEOMETRY 
OF THE PHARYNX 


P. R. NANDI*, C. H. CHARLESWORTH*, 
S. J. TAYLOR, C. J. DORE AND J. F. NUNN 
Northwick Park Hospital and Climcal Research Centre, 


Harrow 


Anaesthesia is conducted without a tracheal tube in about 
34% of patients in U.K. The present study was designed to 
improve understanding of the sites of pharyngeal obstruction 
during anaesthesia, as a step towards design of more effective 
devices to protect the patency of the airway. 

We studied 18 patients presenting for urological surgery. 
The study was approved by the Hospital Ethics Committee, 
but confined to males of 60 yr and over. Lateral radiographs of 
the pharynx were taken in the supine position in inspiration 
and expiration before induction of anaesthesia, during the 
apnoeic pause after thiopentone 2.5-3.5 mg kg™ and during 
inspiration and expiration after the establishment of 
spontaneous breathing during anaesthesia with nitrous oxide 
and 3% enflurane (inspired). In a further series of 11 
patients, we observed the effect on the pharynx of traction 
applied to the tip of the tongue. Measurements in the sagittal 
plane of the pharynx were made directly from the 
radiographs, with allowance of 17% for magnification, Stat- 
istical analysis was by two-way ANOVA or Wilcoxon 
matched pairs signed rank test. Mean diagrams were prepared 
manually and all dimensions agreed with calculated mean 
values within 1 mm. 
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While the patents were awake, there were no significant 
differences ın any measurements between expiration and 
either end-inspiration or mid-inspiration. Immediately after 
the induction of anaesthesia, the soft palate moved postenorly 
by a mean distance of 1.5 (sp 1.9) mm (P < 0.005), occluding 
the nasopharynx in all but one patent. The posterior part of 
the tongue moved posteriorly by a mean distance of 6.4 
(5.6) mm (P < 0.001), but did not touch the posterior phar- 
yngeal wall in any patient. The epiglottis moved posteriorly 
by a mean distance of 3.8 (3.5) mm (P < 0.001), but touched 
the posterior pharyngeal wall in only four patients. The up 
of the epiglottis moved caudad by 3.3 (6.8) mm (P < 0 047) 
The hyoid descended by a mean distance of 3.8 (6 4) mm 
(P < 0.023). 

When spontaneous breathing was established, the epiglottis 
moved slightly forward in the expiratory position, but the 
other measurements were not signincantly changed 
However, in several the pharynx collapsed when inspiration 
was attempted against obstruction in the nasopharynx. Trac- 
tion on the tongue moved the base of the tongue and epiglot- 
tis forward, but lifted the soft palate clear of the posterior 
pharyngeal wall in only two patients. The mean change was 
not significant. 

We conclude that, although tongue, epiglottis and soft pal- 
ate all move posteriorly after induction of anaesthesia [1], it 
is the last which most consistently obstruct the airway. 
Attempted inspiration against nasopharyngeal obstruction 
causes serious secondary collapse of the entire pharynx, as in 
obstructive sleep apnoea. 
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EFFECT OF INTERVAL BETWEEN TRAIN-OF- 
FOUR STIMULATION ON MEASUREMENT OF 
NEUROMUSCULAR BLOCK 


J. A. CARTER, D. R. GOLDHILL, J. P. WHITEHEAD, 
R. S. EMMOTT, N. HINDOCHA AND P. J. FLYNN 
The Anaesthetic Unit, The London Hospital, Whitechapel 


The apparent degree of neuromuscular block produced by a 
non-depolarizing neuromuscular blocking drug is related to 
the frequency of stimulation. If single twitch somulation 1s 
applied at a rate greater than 0.1 Hz, the evoked response 
decreases. Train-of-four (TOF) stumulatton 1s not usually re- 
peated within 10-12 s, to allow recovery between trains [1]. 


The onset and recovery of  atracurrum-induced 
neuromuscular block was studied with = simultaneous 
electromyographic monitoring using two Datex 


Relaxographs, one to each arm, delivering trains of TOF 
stimulanon (four stimuli at 2 Hz) at either 10-s or 20-s 
intervals. Sides were randomly allocated and evoked 
responses were recorded from the thenar muscles following 
stimulation of the ulnar nerve. Output from both machines 
was recorded onto a twin-channel pen recorder. 

Ethics Committee approval and informed consent were 
obtained. Onset of block was studied in 24 and recovery in 
18 ASA I patients undergoing dental surgery. Papaveretum 
and hyoscine premedication was followed by induction with 
fentanyl 1-2 ug kg! and thiopentone 3—5 mg kg. Mainten- 
ance was with 66% nitrous oxide and 0.5% isoflurane in 
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Frc. 2. Times to 90 % block after train-of-four stimulation at 
10-8 or 20-8 intervals. (] = Atracurium 0 4 mg kg; W = 
atracurium 0.35 mg kg. 


oxygen. The patients’ lungs were ventilated to normocarbia. A 
single bolus of atracurium 0.35 or 0.4 mg kg™! was given after 
calibration of both Relaxographs. Recovery from block was 
spontaneous (two patients) or augmented by neostigmine 
administered when two evoked responses first appeared in the 
10-3 TOF. 

Times to 90% block (T1 10%) and TOF ratios at T1 50% 
in each arm were compared. During recovery, times to TOF 
ratios of 0.5, 0.75 and 0.9 were compared between arms and 
T1 values at these points were measured. Time to 90 % block 
wes significantly faster in the arm stimulated every 10s 
(paired ¢ test; P = 0.00005) (fig. 2). There was no significant 
difference in the TOF ratio at T1 50% during onset. Re- 
covery in both arms was similar, with no significant difference 
in times to TOF ratios of 0.5, 0.75 and 0 9, or in T1 values 
at these points. 
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INFLUENCE OF BLOCK DENSITY ON THE 
REVERSAL CHARACTERISTICS OF DOXACURIUM 


J. N. CASHMAN AND R. M. JONES 
Department of Anaesthetics, The United Medical and Dental 
Schools, Guy’s Hospital, London 


We have studied the reversal characteristics of the long acting 
neuromuscular blocking drug doxacurium, using either 
edrophonium or neostigmine to antagonize residual block. 
After Ethics Committee approval, two of 10 ASA I 
patients, aged 23-64 yr, gave consent to be studied All 
patients were within 20% of ideal body weight. 


; Neuromuscular function was monitored by measuring the 


mechanical response to a train-of-four pattern of ulnar nerve 
stimulation. After premedication with diazepam, anaesthesia 
was induced with fentanyl 1 ug ke~! followed by a dose of 
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TABLE VI. Reversal data 





Median time for recovery (min) 








Median _ 
twitch height Twitch height T4 ratio 
at reversal ea ee 
(%) 50% 75% 90°, 50°, 70°, 
Edrophonium 
26.5 (n = 6) 1.0 4.8 Tie 2 17.2 
68 (n= 4) — 0.8 10 0.7 1.0 
Neostigmine 
29 (n= 6) 1.4 3.1 4.9 2.5 6.5 
66 (n = 4) — 1.0 1.6 1.6 4.3 


thiopentone sufficient to obtund the eyelash reflex. When 
stable baseline neuromuscular recordings were obtained, 
doxacurium 25 ug kg™! was injected into a fast running i.v. m- 
fusion. Anaesthesia was maintained with nitrous oxide and 
0.5% halothane in oxygen. Incremental doses of doxacurium 
5 ug kg"! were administered as required. On completion of 
surgery, antagonism of residual block was attempted if rwitch 
height had recovered to >25% of control, using 
edrophonium 1 mg kg™ plus atropine on the first 10 patients 
and neostigmine 0.08 mg kg plus atropine in the remaining 
10 patients. A T4 ratio of > 70% was taken as indicating 
adequate antagonism of muscle paralysis. 

The mean ages and weights of the patients were similar. 
Antagonism was evoked in six patients ın each group when 
twitch height had recovered to 25-40% of control: 
edrophonium at 26.5% recovery (median; range 25-32°,), 
neostigmine at 29% (median; range 26-36 °% ) (table VI). In 
the remaining four patients ın each group, twitch height 
had recovered to > 40%: 68% in the edrophonium group 
(median; range 44-78%) and 66% with neostigmine 
(median; range 47-76%) (table VI). In three of six patients 
in whom block was antagonized with edrophontum at twitch 
height 25—40 %, an additional dose of anticholinesterase was 
necessary to achieve adequate antagonism. 

It has previously been noted [1] that edrophonium 1s 
associated with recovery of twitch height which 1s rapid in 
onset but incomplete. However, our results suggest that 
edrophonium may be the antagonizing agent of choice in 
doxacurium-induced block if twitch height has recovered to 
> 40%. Otherwise, neostigmine would be preferred. 
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PHARMACODYNAMICS OF ALCURONIUM IN THE 
ELDERLY 


A. P. KENT* AND J. M. HUNTER 
Umversity Department of Anaesthesia, Royal Liverpool 
Hospital 


A pharmacokinetic study has suggested that, in the elderly, 
the elimination half-life of alcuronium may be prolonged and 
the plasma clearance reduced, although these findings were 
not confirmed in patients who suffered blood loss [1]. No 
pharmacodynamic data are available on the effect of age on 
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Tass VII. Mean (sp) values for recovery data 


Young Elderly P 

Time to recovery 

of A’/A (min) 

20°, 47.3 (26.0) 51.3 (22.1) ns 

70°, 92.2 (45.7) 140.4 (48.9) < 0.05 

25-75%, 49.0 (29.9) 103.5 (45.5) < 0.01 
Time to recovery 

of D’/A’ (min) 

20°, 75.1 (13.8) 82.3 (22 8) ns 

70°, 132.2 (40.4) 191.2 (63.5) ns 


the neuromuscular block produced by alcuronium; this study 
was initiated to fill this gap. 

Twenty patients undergoing surgery for which a 
neuromuscular block was indicated, but in which blood loss 
was not expected to be significant (e.g. vaginal hysterectomy, 
closure of colostomy), gave informed consent to be studied. 
Ten patients were young (mean age 24.6 (sp 5.2) yr and 10 
were elderly (mean age 78.2 (60) yr). All the patients were 
premedicated with Cychmorph 10 0.5-1.0ml ih before 
operation. Anaesthesia was mduced with fentanyl 50-100 ug, 
midazolam 2-5mg and thiopentone 3-5 mg kgl. An 
electromyogram (MS6) was placed on one arm and control 
recordings of the train-of-four (TOF) taken from adductor 
pollicis on stimulation of the ulnar nerve. Alcuronium 
0.2 mg kg™ was given into an 1.v. infusion in the opposite arm 
and the trachea intubated Anaesthesia was maintained with 
70°, nitrous oxide in oxygen together with increments of 
midazolam 1-2 mg and fentanyl 50-100 pg. No further alcu- 
romium was administered. TOF monitoring was continued 
throughout surgery and thereafter until the height of A’/A 
had reached at least 75 % and D’/A’ at least 70%, when anaes- 
thesia was discontinued and the trachea extubated. No 
neostigmine was given. The time to, and degree of, maximum 
depression of A’/A and D’/A’, the time to 20% and 70% 
recovery of these variables and the recovery index (25-75 %) 
for A’/A were derived and the results for the young and 
elderly patients compared using the Wilcoxon rank sum test. 

There was no significant difference in the time to, or degree 
of, maximum depression of the TOF between the young and 
the elderly patients, but the rate of recovery of A’/A was 
slower in the elderly (table VII). 

Pharmacodynamic studies support the pharmacokinetic 
findings that the duration of action of alcuronium 1s 
prolonged ın the elderly. 
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PRELIMINARY CLINICAL EXPERIENCES WITH 
MIVACURIUM (BW B1090U) 


J. P. WHITEHEAD, D.R. GOLDHILL, 

A. P. GRIFFITH, R. S. EMMOTT, B. J. BRACEY, 
N. HINDOCHA AND P. J. FLYNN 

The Anaesthetic Unit, The London Hospital, Whitechapel 


This study was undertaken to evaluate the clinical neuro- 
muscular effect of mivacurium (BW B1090U), a new short- 
acting, non-depolarizing neuromuscular blocking agent [1]. 
After CSM and Ethics Committee approval, 18 (ASA I or 
II) adult patients gave written consent to be studied. Pre- 
medication was with temazepam and atropine. Anaesthesia was 
induced with alfentanil and propofol and maintained imitially 
with 67% nitrous oxide in oxygen. Non-invasive arterial 
pressure, ECG, end-tidal carbon dioxide concentration and 
nasopharyngeal and hand temperatures were monitored. The 
evoked electromyographic responses of the adductor pollicis 
muscle to train-of-four (TOF) stumulation of the ulnar nerve 
every 20 s (Datex Relaxograph) were recorded. Two groups 
of nine patients were allocated randomly to receive muva- 
curium either 0.15 or 02 mg kg™!. Tracheal intubation was 
attempted 2.5 min later. Enflurane was then added (end-tidal 
concentration 0.75%) and ventilaton adjusted to maintain 
normocapnia. When T1 of the TOF had recovered to at least 
5% of control, an infusion of mivacurium was begun and the 
rate adjusted to maintain T1 1-10 % of control. At the end of 
surgery, mivacurium was discontinued and neostigmine 
0.04 mg kg"! and atropine administered. 

There were no significant differences between groups with 
regard to onset, intubating conditions, duration of action, 
mean infusion rates and recovery data (table VIII). 


TABLE VIII. Results (mean (SEM)) for patients recerving 
mrvacuruen 0.15 mg kg" (group A) or 0.2 mg Rg! (group B) 


Group A Group B 
Block at 2 5 min (%) 87.8 (3.7) 88 1 (7.3) 
Time to 90% block (min) 2.4 (0.2) 2.2 (0.4) 
Time to 5% recovery (min) 12.0 (1 1) 13.6 (1.3) 
Mean infusion rate 7.3 (0.8) 6.8 (0.6) 

(ug kg~* min“*) 
TI at antagonism 7.6 (1 1) 10.6 (2.0) 
TOF rano 0.7 (min) 11.5 (0.7) 110d 1) 
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SUBSTITUTION OF NITROUS OXIDE BY 
PROPOFOL IMPROVES POSTERIOR TIBIAL NERVE 
SOMATOSENSORY EVOKED POTENTIALS 
DURING ALFENTANIL ANAESTHESIA 


C. J. KALKMAN, H. TRAAST AND 

W. W. A. ZUURMOND 

Department of Anaesthesiology, Academe Medical Centre, 
Amsterdam 

J G. BOVILL 

Uniwersity Hospital, Leiden, the Netherlands 


Continuous infusions of an opioid with nitrous oxide have 
been advocated as the optimal anaesthetic technique when 
intraoperative spinal cord function monitoring with 
somatosensory evoked potentials is imdicated. Propofol- 
nitrous oxide anaesthesia was considered an unsatisfactory 
anaesthetic technique where spinal cord function monitoring 
was indicated. The purpose of this study was to compare the 
effects of total iv. anaesthesia using propofol-alfentanil with 
nitrous oxide—alfentanil on intraoperative posterior tibial 
nerve somatosensory evoked potentials (PTN-SEP). 

Fourteen ASA class I patients, aged 18-45 yr undergoing 
superticial body surgery gave informed consent to participate 
in the institutionally approved study. Anaesthesia was 
induced with thiopentone 3mgkg 4 and alfentanil 
100 pg kg. An imfusion of alfentanil 2 pg kg min™ was 
given throughout the study period. Maintenance was with 
66% nitrous oxide in oxygen during the first 90 min, and 
with propofol thereafter. An wnfusion was used to achieve a 
propofol plasma concentration of 3.0 ygml7!. Bilateral 
stimulation of the posterior ubial nerves at the ankle was 
performed via subdermal needle electrodes using a stimulus 
intensity of twice the motor threshold at a rate of 3.1 Hz. 
Serial PTN-SEP recordings were made from the scalp (Cz- 
¥pz) starting 30 min after induction of anaesthesia. Data were 
analysed with two-way ANOVA for repeated measurements. 
Data are presented as mean (SD). 

Latency and amplitude during nitrous oxide, 15 and 30 min 
after the start of the propofol infusion are shown in table IX. 
Substituting propofol for nitrous oxide significantly mncreased 
latencies of N1, P2 and N2. PIN1 amplitude increased more 
than twofold, while amplitudes of the later cortical peaks, 
N1P2 and P2N2, remained unchanged Propofol changed the 
overall shape of the PTN-SEP waveform in favour of the first 
cortical peak. 

In contrast with the findings of Maurette and colleagues [2], 
our findings indicate that propofol in combination with 
alfentanil produces higher quality PTN-SEP and better 
peak identification than nitrous oxide—alfentanil. In our 
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opinion, it is a satisfactory anaesthetic technique when 
intraoperative PTN-SEP monitoring is indicated. 


PATIENT CONTROLLED ANALGESIA WITH 
ALFENTANIL: ANALGESIC BLOOD 
CONCENTRATIONS IN THE POSTOPERATIVE 
PERIOD 


J. CURRIE, H. OWEN AND L. E. MATHER 
Department af Anaesthetics and Intensrve Care, Flinders 
Medical Centre, Adelaide 


The lowest blood drug concentration at which analgesia 1s 
obtained is referred to as the minimum effective analgesic 
concentration (MEAC). For alfentanil this has been said to 
be approximately 10 ng ml-t [1]. This study evaluated blood 
concentrations of alfentanil] in patients using patient 
controlled analgesia (PCA) to estrmate MEAC in 
postoperative patients. 

Following informed consent, 37 patients undergoing upper 
abdominal surgery were given a standardized anaesthetic 
using alfentanil as the sole opioid, then one of seven regimens 
of alfentanil from a Graseby PCAS, ranging from a 60-ug bolus 
to an infusion of 600 pg over 15 min. Blood samples were 
taken immediately before demands from an indwelling i.v. 
sampling catheter Blood alfentanil concentrations were deter- 
mined by solvent extraction followed by GLC-NPD. 

Twelve patients were withdrawn from the study because 
of: dose related respiratory depression (n = 3), wnadequate 
analgesia (n = 8) or excessive sedation (n = 1). The mean blood 
“‘at-demand” alfentanil concentration on the day of surgery 
was 58 (sp 24) ng ml“! while the mean at-demand alfentanil 
concentration on the following day was 37 (24) ng mI, 

This study suggests that the MEAC for alfentanil is 
approximately 50 ng ml“! analgesia following upper abdomi- 
nal surgery. For the use of an alfentanil infusion after oper- 
ation, these data support an infusion regimen designed to 
give concentrations of approximately 50 ng ml`i, possibly 
decreasing on the following day or, alternatively, a back- 
ground infusion to produce slightly lower concentrations with 
additional alfentanil supplements by PCA. Preliminary 
results form an ongoing study of alfentanil infusion plus PCA 
are encouraging. 
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TABLE IX. Latency and amphtude of posterior tibial nerve somatosensory evoked potentials during 
anaesthesia with nitrous oxde or propofol. *P < 0.05; **P < 0.01 compared with mtrous oxide 


Latency (ms) 
P1 N1 

Nitrous oxide 41.8 49.8 

(3.93) (5.04) 
Propofol 15 min 42.73 52.3* 

(3.64) (3.96) 
Propofol 30 min 42.5 52.1* 

(3.62) (4.22) 


Amplitude GiV) 

P2 PIN1 N1P2 PIIP? ratio 
65.3 1.01 2.24 0.44 
(4.33) (1.14) (1.35) (0.30) 
69.2* 2.61** 214 L20"* 
(5.82) (2.17) (1.08) (0.84) 
69.8* Zale" 237 110°" 
(5.28) (2.01) (0.91) (0.61) 
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DOUBLE-BLIND COMPARISON OF EXTRADURAL 
BUPIVACAINE AND ROPIVACAINE 


M. BROCKWAY, J. BANNISTER*, D. MCKEOWN 
AND J. A. W. WILDSMITH 
Department of Anaesthesia, Royal Infirmary of Edinburgh 


Ropivacaine is a new amide local anaesthetic agent which has 
been shown to have a similar onset but shorter duration of 
action than bupivacaine when used extradurally in animals 
[1]. An open study [2] in man confirmed its suitability for 
extradural use, and prompted this double-blind comparison 
with bupivacaine. 

One hundred and ten patients (ASA I or II) were 
allocated randomly to five groups, to receive 15 ml of a test 
solution of 0.5, 0.75 or 1% ropivacaine or 0.5 or 0.75% 
bupivacaine. Premedication was with oral tempazepam 
10 mg, after which an end hole extradural catheter was 
inserted at the L34 space. Five minutes after uneventful 
injection of 1% lignocaine with adrenaline 3 ml, the test sol- 
ution was injected incrementally over 135 8. Assessments of 
block to pinprick (27-gauge short bevelled needle), and of 
motor power using the Bromage scale, were undertaken at 2, 
5, 10, 15, 20, 25, 30, 45 and 60 min and every 30 min there- 
after until the block had completely disappeared. A minimum 
of 30 min elapsed after injection before administration of 
sedation or the start of surgery. Assessments continued dur- 
ing operation unless sedation, general anaesthesia or restric- 
ted access precluded it, in which case the patient was assessed 
as soon as possible after operation. 

There were no statistically significant differences between 
the groups with regard to age, weight, height or gender. 
The mean maximum height of block in each group was T6 
irrespective of drug and concentration. Mean onset umes (at 
L1) were also similar (table X), but showed some relationship 
to drug and concentration. Duration (at L1) was longer with 
bupivacaine compared with ropivacaine, and was dose related 
with both drugs. The degree of motor block was also dose 
related. 


TABLE X. Onset and duration of block at LI (mean (SD)) 

and number of patients attaining a score of III on the Bromage 

scale for motor power, m five groups of 22 patients receiving 
roptvacame or bupivacaine 











Onset Duration Bromage III 
(min) (min) attamed 
0.5% Rop. 7.6 (4.4)  210(53) 2 
0.75% Rop. 8.3 (9.4) 267 (97) 7 
1.0% Rop. 5.9 (3.4) 316 (86) 12 
0.5% Bup 5.6 (3.7) 260 (81) 4 
0.75 % Bup. 5.5 (5.3) 324 (83) 10 
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EFFECT OF PSYCHOLOGICAL VARIABLES AND 
PAIN RELIEF SYSTEM ON POSTOPERATIVE PAIN 
EXPERIENCE 


V.J. THOMAS, M. L. HEATH AND F. D. ROSE 
Department of Anaesthetics, Lewisham Hospital and 
Department of Psychology, Goldsmiths’ College, Umversity of 
London 


Patient controlled analgesia (PCA) has been reported to be 
a safe and efficient method of managing postoperative pain [1]. 
However, tt is not widely used routinely in U.K. because of 
cost and perhaps because of anticipated unacceptability by 
some patients or staff. Psychological variables (anxiety, neur- 
Oticism and coping style) all have a significant influence on 
the perception of pain [2,3] This study is part of a larger one 
being undertaken to assess the interaction of these factors on 
patents undergoing major surgery and receiving pain relief 
from papaveretum administered eather by PCA or as conven- 
tional, nurse-admunistered 1.m. injections (IMI). 

Standard questionnaires to assess anxiety (state and trait), 
neuroticism and coping style were completed by 51 patients 
undergoing total abdominal hysterectomy who were then 
assigned randomly to receive PCA or IMI after operation. 
Thirty received PCA and 21 IMI. Intraoperative analgesia 
was confined to Lv opioids and dosage was at the discretion 
of the anaesthetist. The short-form McGill pain 
questionnaire was used to assess postoperative pain at 6, 18 
and 24 h and the scores were averaged to give a representative 
postoperative pain score. The 24-h total requirement for 
papaveretum and the patient’s duration of stay in hospital 
after operation were recorded. 

Postoperative pain scores were significantly correlated with 
anxiety state (r = 0.55, P < 0.0001), anxiety trait (r = 0.31, P 
< 0.05) and neuroticism (r = 040, P<0.01) (Spearman 
Rank test). The data for coping style could not be analysed, 
since they were not normally distributed. 

Patients having PCA experienced significantly less pam 
than those having IMI (mean pain scores: PCA 19.58, IMI 
35.17 (P < 0.001, Mann—-Whimey U test) despite using sig- 
nificantly less papaveretum in the first 24h (PCA mean 
46.6 mg (range 28-100mg), IMI mean 86.0 mg (range 
60-120 mg) (P < 0.001, one-tailed r test)). In addition, 
patients receiving PCA were discharged significantly earlier 
(mean duration of stay 7.1 days vs 9.1 (P < 0.001, Mann- 
Whitney U test)). 

Despite total lack of prior mstruction in the use of PCA, 
which was iniuated in the recovery room, no patient farled 
to use the PCA machine satsfactonly Most patients wee 
attached to a Graseby PCA pump, a few to an Abbott 
Lifecare Infuser IT. 

This relanvely homogeneous group of patients showed 
clearly that PCA was both more efficient and more effective 
than the traditional pain relief regimen, and that its use in the 
first 24h was followed by a shorter hospital stay. Anxiety 
(state and trait) and neuroticism intensify postoperative pain 
experience, and patients exhibiting characteristics to a high 
degree may benefit from PCA technology where its 
availability is limited. 
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HAEMODYNAMIC VARIABLES DURING 
HYPOTHERMIC CARDIOPULMONARY BYPASS: 
EFFECTS OF ALFENTANIL AND NALOXONE 


R. P. ALSTON 
Umversity Department of Anaesthesia, Glasgow Royal 
Infirmary 


Cardiopulmonary bypass (CPB) causes profound 
haemodynamic derangement. Peripheral vascular resistance 
(PVR) increases as flow rate is reduced during hypothermic 
CPB, and there is also a progressive vasoconstriction during 
the course of CPB. These changes in haemodynamic variables 
may impair systemic oxygen uptake during CPB [1] and 
result in hypertension following CPB. Although the haemo- 
dynamuc effects of alfentanil during cardiac anaesthesia have 
been much investigated, there has been little systematic study 
during CPB. For this reason a study was undertaken to 
examine the effect of alfentanil on haemodynamic variables 
during hypothermic CPB. 

The study was approved by the local Ethics Committee and 
informed consent was obtained form all patients. Twenty 
patients scheduled for elective coronary artery surgery were 
allocated randomly to one of two groups. Patients were pre- 
medicated with papaveretum 20 mg and hyoscine 0.4 mg 1.m. 
Anaesthesia was induced with a sleep dose of midazolam i.v. 
and neuromuscular block obtained with atracurium. Iso- 
flurane was used to maintain anaesthesia throughout the pro- 
cedure. Patients in group I were given no alfentanil until the 
end of Period 1. A bolus of alfentanil 50 pg kg! 1.v. was 
given, followed by an infusion of lug kg min`! during 
Period 2. In group II, alfentanil was given after mduction 
until the end of Period 1, when ıt was discontinued Naloxone 
0.4 mg 1.v. was administered and Period 2 studied. Periods 1 
and 2 were two 10-min periods of stable hypothermic (28 °C), 
low flow (1 6 Ltre min~! m~*) CPB. Non-pulsatile perfusion 
and alpha stat acid-base management were used. Haemo-~ 
dynamic variables were recorded repeatedly during Periods 1 
and 2 using a computerized system [2] 

The data were later averaged and the mean used in all 
analyses The study was planned to be a crossover design, but 
because of the strong interaction between alfentanil 
administration with period of study, the data were examined 
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as a parallel group study. Within and between group 
comparisons were made using paired and unpaired Student’s 
t test as appropriate. The level of significance was taken as 
5% and Bonferonni’s correction applied. 

‘There were no significant demographic differences between 
the groups (table XI). 

The lack of significant difference in mean arterial pressure 
and peripheral vascular resistance between groups during 
Period 1 would suggest that alfentanil has minimal effects on 
these variables. However, a progressive increase in MAP and 
PVR during the course of CPB would be expected, yer this 
did not occur ın group I when alfentanil was given following 
a control period. Furthermore, there was a 30% mean in- 
crease in MAP and PVR when naloxone was administered to 
patients previously receiving alfentanil. These findings would 
indicate that alfentanil may modify vasoconstriction during 
hypothermic CPB. 
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NON-INVASIVE MEASUREMENTS OF MINUTE- 
BY-MINUTE CHANGES IN CARDIOVASCULAR 
VARIABLES DURING INDUCTION OF 
ANAESTHESIA 


D. J. SANDERS*, C. JEWKES, F. VERHOEFF*, 

J. W. SEAR AND P. FOREX 

Nuffield Department of Anaesthetics, John Radchffe Hospital, 
Oxford 


Haemodynamic responses to induction of anaesthesia with 
thiopentone show decreases in systolic, diastolic and mean 
(MAP) arterial pressures, cardiac output (Q), stroke volume 
(SV), and systematic vascular resistance (SVR). Most studies 
have involved invasive measurements, and reported small 
sample numbers. 

The recent introduction of the thoracic impedance cardio- 
graph (TIC) allows non-invasive measurement of SV, and 
hence Q and SVR. Comparison of SV and Q by TIC and 
thermal dilution techniques has been reported previously [1]. 
Further examination of the data revealed a constant bias 
within individual patients TIC may be suitable for study 
of the magnitude of acute haemodynamic changes during 


TABLE XI. Haemodynamic variables (mean (SD) and confidence lumts (CL)) 


Group I (" = 9) 


Group II (n = 10) 


Variables Period | Period 2 d Period 1 Penod 2 d 

MAP (mm Hg) 43 (8) 43 (7) 0.1 48 (12) 63 (14) ~14.2 
95% CL 26,25 —27.0, —12.3 

~27, —12 ———_——_-— 

CVP (mm Hg) 2 (3) 3 (3) —0.8 1 (3) 1 (4 —0.8 
95% = ee | a a | 

PVR (dyn s cm") 1070 (193) 1047 (172) 23 1254 (252) 1632 (350) 377 
95% CL — 44.89 —551, —204 


L —621, —547 —_________| 
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TABLE XII. Mean (sD) haemodynamic values at resting state (A), 5 min after induction (B), following 
laryngoscopy and intubation (C), and 5 min later (D) in unpremedicated patients (group U) and those 
premedicated with papaveretum—hyoscine (group P) or temazepam (group T). *P < 0.05; **P < 0.01 


vs A 
A B G D 
MAP (mm Hg) 
Group U 97 (14) 76(11)** 102 (19) 73 (20)** 
Group P 93 (12) 71 (14)** 95 (17) 72( 10)** 
Group T 97 (13) 75 (12)** 91 (25) 76 (10)** 
Q (litre min“) 
Group U 7.7 (1.8) 6.2 (1.5)** 5.3 (1.4 )** 5.8 (1.5)** 
Group P 5.9 (1.4) 4.7 (1.1)** 4.3 (0.8)** 4.6 (1.0)** 
Group T 5.8 (1.5) 5.0 (1.3)** 4.6 (1.0)** 4.8 (1.2)** 
SVR (mm Hg litre"! min?) 
Group U 13.4 (3.8) 12.9 (3.7) 20.2 (6.3)** 13.7 (3.5) 
Group P 16.6 (5.0) 15.7 (5.0) 23.0 (6.8)* 16 5 (4.6) 
Group T 17.6 (5.8) 16.0 (4.8)* 21.8 (5.0)** 16.6 (4.4) 
HR (beat min™) 
Group U 88 (15) 73 (11)* 94 (17) 72 (13)* 
Group P 78 (15) 70 (14)** 93 (17)** 66 (14)** 
Group T 81 (12) 76 (9)** 93 (12)* 75 (10) 


induction, laryngoscopy and intubation in large groups of 
patients, 

In the present study, we have exammned MAP, Q, SVR and 
heart rate (HR) on a minute-by-munute basis in 60 ASA I-II 
female patients, unpremedicated (U), or premedicated with 
papaveretum—hyoscine (P) or temazepam (T) (n = 20 each 
group). 

After baseline measurements, patients received fentanyl 
100 pg, followed 1 min later by a dose of thiopentone 
4-5 mg kg 4, which was sufficient to obtund the eye lash 
reflex. Patients breathed 67% nitrous oxide in oxygen 
supplemented with 0.5-1.0% enflurane. Three minutes after 
induction, vecuronium 0.1 mg kg! was given and the trachea 
intubated at 5 min. Haemodynamic measurements were 
continued for a further 5 min. 

There were no differences in the magnitude of the 
haemodynamic effects between the three premedicanon 
groups (table XII). Fentanyl produced no significant changes 
in cardiovascular indices. In group U, induction resulted in 
the following changes at 5 min (mean and ranges): MAP 
(mm Hg) —22 (—47 to—6); Q (litre min™!) —1.5 (—3.0 to 
0.3); SVR (mm Hg litre“! mm1) —0.6 (—5.1 to 4.8), and 
HR (beat min“) —13 (—49 to 9). Laryngoscopy and intu- 
bation increased MAP, HR and SVR, but Q decreased. 
Changes in groups P and T were similar. 

These data show the wide inter-individual variability m 
minute-by-minute haemodynamics to a standard sequence 
and illustrate the limited value of small group studies when 
assessing the cardiovascular effects of different 1.v. agents. 
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NON-INVASIVE MEASUREMENT OF CARDIAC 
OUTPUT DURING TRACHEAL INTUBATION 


A. VOHRA, A. N. THOMAS, B. J. POLLARD AND 
N. J. N. HARPER 
Department of Anaesthesia, Manchester Royal Infirmary 


Induction of anaesthesia and tracheal intubation may result 
in cardiovascular changes. Most previous studies have been 
confined to display of heart rate (HR) and mean arterial . 
pressure (MAP), with only intermittent measurements of 
cardiac output (CO). Continuous display of CO is now poss- 
ible using a non-invasive continuous cardiac output monitor 
(NCCOM3) which measures changes in thoracic electrical 
impedance. 

Following Ethics Committee approval, informed consent 
was obtained from 30 female patients (ASA I or ID 
undergoing laparoscopy. All received temazepam 20 mg 1h 
before operation. Baseline measurements of MAP (Dinamap) 
and HR and CO (NCCOM3) were recorded before induction 
of anaesthesia. Patients were allocated randomly to receive 
a dose of either thiopentone 5mgkg™! or propofol 
3mgkg™ given over 208. This was followed by fentanyl 
1.5 ug kg@! and atracurium 0.5 mg kg Ventilation was as- 
sisted using a Bain circuit maintaining normocapnia. Laryn- 
goscopy and intubation was performed 90 s after induction. 
Patients who were not laryngoscopic grade 1 or 2 [1] were 
excluded, Anaesthesia was continued with 0.6% enflurane 
and 50% nitrous oxide in oxygen (Manley MP2). CO, HR 
and MAP were recorded 90 s after induction (just before in- 
tubation) and at l-min intervals for 8 min after intubation. 

Cardiac index (CI) decreased in both groups, greater with 
thiopentone than propofol. CI did not increase following in- 
tubation (table XID MAP decreased only after induction 
with propofol, subsequently increasing to greater than base- q 
line values following thiopentone but not propofol. Vascular 
resistance (VR) decreased following mnducnion of anaesthesia 
with propofol but not thiopentone After intubation VR was 
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Tasis XIII. Cardiovascular variables (mean (SD)). T = Tinopentone group; P = propofol group. Sigmficant differences 
(P < 0.05): t compared with T; * compared with baseline 





After intubanon 


Before 
Baseline intub 1 min 3 min 5 min 

MAP (mm Hg) 

Group T 97 (18) 93 (19) 114 (19)* 99 (16) 89 (14) 

Group P 100 (13) 77 (13)+* 98 (17)t 82 (11)+* 77 (10)t* 
Cardiac index 

(litre min~! m~”) 
, Group T 4.1 (1.1) 3.6 (0.8)f* 3 4 (0.8)t* 3.4 (0.8)+* 3.4 (0.7)t* 

Group P 4.7 (0 9) 4.3 (0.8)* 4.1 (0.7)* 4.0 (0 9)* 3.9 (0.8)* 
HR (beat min) 

Group T 88 (11) 95 (15) 104 (18)* 94 (14) 88 (15) 

Group P 86 (13) 88 (12) 97 (14)* 85 (15) 83 (15) 
Vascular resistance 

(dyn s cm™*) 

Group T 2087 (885) 2217 (912) 2944 (1207)* 2479 (868)* 2207 (728) 

Group P 1783 (486) 1499 (461) +* 1977 (5566F 1742 (503)+ 1680 (476)+ 


greater than baseline with thiopentone but not with propofol. 
HR increased following intubation in both groups. 
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PREDICTION OF PULMONARY ARTERY 
PRESSURE IN THE JARVIK-7 TOTAL 
ARTIFICIAL HEART 


R. C. CORK*, M. VONESH* AND K. MYLREA* 
Departments of Anesthenology and Engineering, Umversity of 
Arizona 


Accurate haemodynamic monitoring 1s essential for the clini- 
cal management of recipients of the total artificial heart 
(TAH), yet it is also in the patient’s best mterest to have no 
indwelling catheters The purpose of this study was to utilize 
the information available from the Jarvik-7 TAH to estimate 
the patient’s pulmonary artery pressures without resorting to 
indwelling catheters. 

All experiments were conducted using a Donovan mock 
circulation to which a Jarvik-7.70 TAH was connected. The 
TAH was pneumatically driven by a Utahdrive System IIE, 
and its haemodynamic performance was monitored by the 
COMDU program residing in a Compaq PC The pneumatic 
drive pressure waveform (the air pressure generated on the 
right side of the heart at each beat) was analysed by picking 
several points from the waveform. These points were entered 
into a stepwise linear regression analysis to determine which 
linear combination of no more than four points would be the 
best at predicting pulmonary artery pressure. The same 
analysis was repeated at three fill volumes: 40 ml, 50 ml and 
60 mi. Since each of these fill volumes can be obtained by 
many different combinations of the controllable driver 
variables—heart rate, % systole and vacuurnm—the prediction 


equations were tested by obtaining each of the fill volumes in 
three different ways. 

The relationship between the computed and measured 
mean pulmonary artery pressures showed correlations of 
greater than 0.92 for all mght ventricular fill volumes of 30, 35, 
40, 45, 50, 55 and 60 mi, which encompass the physiological 
spectrum for the Jarvik-7. 

Following pulmonary artery pressures in patients with a 
TAH is very important, since pulmonary hypertension is 
common. These algorithms allow a reasonably accurate non- 
invasive prediction of pulmonary artery pressures 


CARDIOVASCULAR CHANGES IN THE ELDERLY 
FOLLOWING INDUCTION OF ANAESTHESIA AT 
VARIOUS RATES 


J. E- PEACOCK, R. P. LEWIS*, S. HUNTER AND 
C. S. REILLY 

Department of Anaesthesia, Umversity of Sheffield and ICI 
Pharmaceuticals 


Induction of anaesthesia with propofol has been associated 
with a decrease in arterial pressure which 1s dose and age re- 
lated. Previous studies using a fixed dose injected at differing 
rates have shown no difference in change in arterial pressure 
fl, 2]. A study using a small bolus (1.25 mg kg! ın 20 s) plus 
increments (10mg every 158) demonstrated a lower 
incidence of hypotension [3]. We have compared induction of 
anaesthesia in the elderly using propofol delivered at three 
different rates by an infusion pump. 

Following Ethics Committee approval and written 
informed consent, we studied 60 elderly patients (mean age 
72.4 (sp 6.5 yr) of ASA grade I-III. They were allocated 
randomly to one of three groups. Anaesthesia was induced in 
group 1 with propofol 300 ml h-i, in group 2 with 600 mi h~t 
and in group 3 with 1200 ml h-~!. In all groups fentanyl 
0.75 ug kg™ was given 5 min before infusion of propofol was 
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TABLE XIV. Detatls of patients and results (mean values 


(SEM)) 
Propofol (ml h7+) 
300 600 1200 
Induction time 103 (25) 68 (12) 51 (9) 
(s) 
Induction dose 1.24 (0.25) 1 60 (0.25) 2,52 (0.48) 
(mg kg`>) 
Decrease in SAP 
(%) 
End infusion —8 (2) — 18 (2) — 20 (3) 
+2 min — 18 (3) — 24 (2) —27 (3) 
Apnoea > 308 (1) 0 3 8 


started using an Ohmeda 9000 pump. Loss of verbal contact 
was taken as the end point for infusion. Anaesthesia was main- 
tained with propofol infused imnitally at a rate of 
6 mg kg! h~ and 66% nitrous oxide in oxygen in a Bain 
system. Heart rate and arterial pressure measurements were 
recorded at baseline, at the start and end of induction (ED) 
and at 2, 5, 10, 15 and 20 mun after induction. Statistical 
analysis was performed for induction dose and time (Kruskal- 
Wallis) and cardiovascular changes (repeated measures 
ANOVA). 

There were no significant demographic differences between 
the groups. The nume for induction increased significantly 
(P < 0.001) and the induction dose decreased significantly 
(P < 0.001) with decreasing rate of infusion (table XIV). 
The systolic arterial pressure was reduced significantly from 
baseline in all groups at end of induction and at 2 min. The 
decrease was significantly less m the group receiving 
300 ml h`? than in the other groups at end of infusion 
(P < 0.001) and 2 min (P < 0.01). The incidence of apnoea 
was higher with the higher rates of infusion. 

The slowest rate of infusion was associated with a longer 
induction time, a reduced induction dose and a smaller de- 
crease in arterial pressure. 
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PERIPHERAL VASCULAR CHANGES ASSOCIATED 
WITH THE INDUCTION OF ANAESTHESIA: 
EFFECT OF ETOMIDATE 


*M. S. McKINNEY, *E. J. KEARNEY AND J P. HOWE 
Department of Anaesthetics, Queens Umversity and Mater 
Infirmorum Hospital, Belfast 


Previous studies indicate that, in addition to their central 
cardiovascular activity, anaesthetic induction agents exhibit 
specific peripheral circulatory effects [1]. The cardiovascular 
stability of etormdate w well known [2] The object of this 
study was to determine if this stability also applies to the 
forearm vasculature, as measured by mercury strain gauge 
venous occlusion plethysmography [3]. 

Following Ethics Commuttee approval and informed 
patient consent, 30 healthy patients aged 18-50 yr undergoing 
minor surgery were allocated randomly to one of three 
groups All patients received oral benzodiazepine premedi- 
cation 1 h before operation. At the start of the study period, 
in theatre, group A received alfentanil 0.5 mg i.v , group D 
received Diazemruls 5 mg i.v. and group C received no pre- 
treatment. 

In theatre, ECG was displayed continuously and mean ar- 
terial pressure (MAP) measured with an automatic 
oscilotonometer. Forearm blood flow (FBF) and forearm 
vascular resistance (FVR) were recorded at 30-8 intervals for 
3 min before and 3 min after induction of anaesthesia with 
etomidate 0.2 mg kg. Anaesthesia and surgery then 
proceeded. Patients acted as their own controls and control 
values for heart rate (HR), MAP, FBF and FVR were taken 
as the mean of the two values for each vanable immediately 
before induction. Data were analysed using one- or two-factor 
repeated measures ANOVA. 

A number of patients were withdrawn from the study be- 
cause of excessive limb movement which interfered with 
mercury strain gauge measurements; new subjects were 
recruited. There was no statistically sigmificant difference 
among the groups with respect to all four variables through- 
out the study period. There was a statistically significant re- 
duction in heart rate 2 and 3 min after induction compared 
with control. There was no significant change nm MAP, FBF 
or FVR (table XV). 
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TABLE XV. Mean (SEM) values for the four cardiovascular variables before (Control) and 1, 2 and 
3 mn after induction (n = 30) 





Time after induction (min) 





Control l È 3 
HR (beat min!) 86 (3.3) 88 (3.1) 79 (3.0) 79 (3.2) 
ae: MAP (mm Hg) 94 (2.5) 95 (2.4) 92 (2.8) 92 (2.6) 
FBF (ml1/100 ml 4.8 (0.30) 4.9 (0.47) 45 (0.42) 5.4 (0.40) 
tissue min™*) 
FVR (units) 22.0 (1.55) 25.2 (2.59) 27.1 (3 39) = 21.0 (2.17) 
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HAEMODYNAMIC EFFECTS OF PROPOFOL 
INFUSION: DOSE-RESPONSE STUDY IN 
COMPROMISED CANINE HEARTS 


J]. DIEDERICKS, P. FOEX, J. W. SEAR AND 
W. A. RYDER | 
Nuffield Department of Anaesthetics, University of Oxford 


Halogenated anaesthetics have been shown to cause selective 
depression and dysfunction of myocardium with critically 
limited blood supply [1, 2], as a result of the reduction in 
coronary perfusion pressure. As propofol causes dose-depen- 
dent reduction ın arterial pressure, we studied its effects 
in dogs with critical stenosis of the left anterior descending 
coronary artery (LAD). 

Appropriate instruments were attached to seven dogs under 
halothane anaesthesia, to permit measurement of aortic and 
left ventricular (LV) pressure, aortic and LAD blood flow, 
and regional left ventricular function. Pairs of piezoelectric 
crystals were implanted in the subendocardium near the apex 
(LAD supply territory) and the base (left circumflex supply 
territory) im order to measure segment length by 
sonomicrometry. After completion of surgery, halothane was 
discontinued and a bolus of propofol 5 mg kgr! given, 
followed by an infusion of 200 ug kg min (P200). Critical 
LAD stenosis [1] was applied and its effects recorded 25 min 
later (Control, P200). Propofol was then given at infusion 
rates of 300 (P300), 400 (P400) and 500 (P500) ug kg} min 
and the haemodynamic effects of each dose recorded after 
25 min. 

Data were analysed using two-way ANOVA, ANOVA for 
repeated measures and Wilcoxon ranked tests. 

Significant reductions in systolic aternal pressure (124 (12) 
to 81 (15) mm Hg (mean (sp)), LVdP/dt max (1650 (310) to 
1169 (400) mm Hg 871), and stroke volume (15.5 (3.0) to 11.0 
(4.0) ml) were observed. Reductions in coronary perfusion 
pressure (CCP), coronary blood flow (CBF) and systolic 
shortening (%SS) in the LAD supply territory were noted 
(table XVI). In most cases post-systolic shortening occurred 
in the LAD supply terntory. Two dogs developed irre- 
versible circulatory failure during infusion at P500. 

In this study, propofol caused dose-dependent depression 
of global cardiac function associated with marked depression 
of systolic shortening in the compromised myocardium. The 
development of PSS suggests that ischaemia occurred in the 
compromised territory. Irreversible falure occurred in two 
dogs. This may reflect the large area of the left ventricle 
supplied by the LAD (45 (7)%). When such a large area is 
compromised, the global repercussions of selective regional 
depression may be expected to be more severe than when only 
a smaller area ig compromised [1]. 
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VALIDATION OF THE OXIMETRICS 3 FOR 
CONTINUOUS MONITORING OF [JUGULAR BULB 
OXYGEN SATURATION AFTER SEVERE HEAD 
INJURY: COMPARISON WITH IL282 IN VITRO 
CO-OXIMETER 


P. J. D. ANDREWS 

Department of Clinical Neurosciences, Wectern General 
Hospital, Edinburgh 

N. M. DEARDEN 

Department of Anaesthetics, Royal Infirmary of Edinburgh 


Jugular bulb oxygen saturation (Sjo,) measured continuously 
using the Oxmmetrics 3 oximeter (OX3) and Shaw Opticath 
40cm catheter was compared periodicaly over 24h with a 
reference in vtro Co-oximeter (I.282% in 17 patients in 
intensive care following severe head injury. 

Calibration of the catheter before its insertion was followed 
by a light intensity calibration after satisfactory catheter tip 
position was confirmed radiologically. OX3 Sjo, was 
compared with IL282 Sjo,; thereafter, aa wm vivo calibration 
was performed and OX3 was then adjusted to match the 
latter. Subsequent comparisons were mede at approximately 
6-h intervals during the following 1-4 days. Every 24h an 
mm vivo calibration was repeated. Calculanon of Sjo, by these 
two methods is different: 


Sip, (OX3) = Hbo,- 100/Hb+ Hbo, 
Sjo, (11.282) = Hbo,- 100/Hb + Hbo, + Hbmet + Hbco 


After m vivo calibration this difference is negligible; in every 
case the concentrations of carboxyhaemoglobin (Hbco) and 
methaemoglobin (Hbmet) remained les3 than 2% for the 
study period. 

Jugular samples for analysis by UL28> were taken during 
periods of stable recordings (SJ t2% over 5 min), with 
acceptable light intensity range, from the OX3. 

Paired recordings were compared between 17 catheters 
and the co-oximeter using the average difference in jugular 
saturation ([L282—OX3) and the standerd deviation of this 
difference to assess agreement between he two methods of 
clinical measurement [1]. Linear correlaticn regression analysis 
was also used. 

Following preimsernon calibration there was significant 


TABLE XVI. Cardiovascular variables (mean (SD)). Values for P400 and P500 differ ngmficartly (P < 
0.05) from those at the control infusion rate (F200) 


Propofol infusion (ug kg7? min) 


P200 
n 7 
CCP (mm Hg) 83 (12) 
Norm. CBF 100 
(% of control) 
%SS 


P300 P400 P500 
7 7 5 of a ni 
71 (15) 56 (20) 47 (15) rr 
86.5 (23.2) 68.4 (30.0) 67.8 (15.6)' ” . 
10.0 (6.9) 7.9 (9.1) 


17.6 (4.1) 


8.7 (5.9) 


+ 
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correlation (r = 0.58, P < 0.014, n = 17) between the two 
methods of measurement. However, the large mean difference 
in saturation, — 10.8%, and the wide hmits of agreement, 
+16.7% to —38.3 %, are unsatisfactory for clinical measure- 
ment. The catheter over-reads after pre-insertion calibration 
and light intensity calibration compared with the co-oximeter. 
The 95% confidence mterval of bias (CIB = d4 (t-SED)) 18 
—3.6% to —7.9%, 

After in vivo calibration fluctuations in OX3 readings corre- 
lated closely with the IIL282 over 24h (r = 0.94, P< 0001, 
n = 120). Data were normally distributed. 

During the first 12 h after m vivo calibranon the mean differ- 
ence (d) in saturation recordings (Co-oximeter — Opticath) was 
small (0.16%) and the limits of agreement (LA = d+(1.96 
SD)) close enough for clinical purposes (—4.7% to 5%, 
n = 75) with no bias (CIB (=d+(t-SED)), 1.2% to —0.8%). 
However, after 12h the mean difference remained smal] 
(d = 0.4%) but agreement deteriorated (LA 8.9% to —8%, 
n = 45), 

Since the influence of packed cell volume, pH and temper- 
ature on d increases after 1 vwo calibration, the relationship 
between d and the change from time zero in these co-variables 
was assessed by an analysis of variance for each ume epoch. 
The co-variables did not contribute significantly to d at any 
ume period. In vivo calibration should always be performed 
before the recordings from the Oximetrics 3 oximeter and 
Shaw Opticath 40-cm catheter are interpreted, and should 
be repeated every 12h. These conclusions may apply to 
monitoring of venous saturation at other sites using this 
method, 
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EFFECT OF BODY SIZE AND LUNG VOLUME ON 
RESPIRATORY INERTANCE 


S. P. SMITH, J. D. YOUNG AND T. M. CRAFT 
Nuffield Department of Anaesthetics, John Radcliffe Hospttat, 
Oxford 


Respiratory inertance is a measure of the energy required to 
accelerate the gas and tissues of the respiratory system If the 
mass of gas or tissue increases, the value of inertance should 
increase also. We tested the hypothesis that changes in body 
size or lung volume would cause a change in respiratory 
inertance, If changes could be reliably detected, the method 
might form the basis of a non-invasive system to determine 
changes in lung water. 

Respiratory inertance was measured in normal volunteers 
using forced oscillation over a range of frequencies around the 
resonant frequency of the respiratory system (4-28 Hz) 
Sinusoidal flow waves were superimposed over the normal 
breathing pattern and the pressure and flow changes induced 
by these waves recorded. Data were fitted to a three-element 
series resistance-compliance—inertance model which gives 
values for respiratory resistance, mertance and dynamic com- 
pliance. 

To test the effect of body size on mertance, we studied 31 
normal non-smoking individuals aged 21-48 yr. Regression 
equations were calculated for height, weight and body surface 
area against resonant frequency, respiratory imertance, resist- 
ance and dynamic compliance. There were significant nega- 
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tive correlations berween resonant frequency (r = 0.46, P < 
0.01), resistance (r = 0.37, P < 0.05), compliance (r = 0.53, P 
< 0.01) and height. Inertance values were widely scattered 
and did not show any correlation with any index of body size. 

To test the effects of alterations in lung gas volumes, eight 
individuals were studied breathing around functional residual 
capacity and at lung volumes increasing in 500-ml increments 
to total lung capacity. Resonant frequency remained 
unchanged with increasing lung volume. Respiratory resist- 
ance and dynamic comphance both decreased, while mert- 
ance increased. The spread of values was large with all the 
variables, only the changes in resistance and compliance were 
significant compared with the value of FRC (P < 0 05, one- 
way analysis of variance). 

We conclude that imertance is not a sufficiently sensitive 
indicator of respiratory system mass to allow between-subject 
comparisons. This may be because of the small effect that ın- 
ertance exerts on pressures and flows during forced 
oscillation, any changes being masked by smal] measurement 
errors. We are currently evaluating this technique for within- 
subject comparisons. 


ACKNOWLEDGEMENT 
This work was supported partly by the Medical Research 
Council (J. D. Young). 


RESPIRATORY RESISTANCE DURING 
CONTINUOUS POSITIVE AIRWAY PRESSURE 


T. M. CRAFT, J.D. YOUNG AND S. P. SMITH 
Nuffield Department of Anaesthetics, John Radcliffe Hospital, 
Oxford 


Applicaton of continuous positive airway pressure (CPAP) 
increases functional residual capacity (FRC) and breathing 
occurs at an increased mean lung volume. As airway resist- 
ance is a hyperbolic function of lung volume, the application 
of CPAP should reduce airway resistance. The majority of the 
work of breathing during weaning is used to overcome 
resistive load [1] so any reduction in airway resistance might 
assist the weaning process. 

Six normal, non-smoking volunteers were studied breath- 
ing at 5 and 10 cm H,O CPAP. Measurements were initially 
made breathing at the increased FRC mduced by the CPAP. 
Lung volumes was reduced to pre-CPAP values (normal 
FRC) with the CPAP still applied and the measurements re- 
peated. Changes in lung volume were determined using 
magnetometers on chest and abdomen. Total respiratory re- 
sistance was measured using the forced oscillanon technique 
over a frequency range of 4-16 Hz in 1-Hz steps. Respiratory 
resistance was taken as the mean of the real components at 
each frequency. Data were fitted to a three-element 
resistance—inertance-—compliance model to determine 


TABLE XVII. Percent (SEM) changes mm total respiratory 
resistance from pre-CPAP value. *Significantly different from 
the unchanged FRC values (P < 0.05, one-way analysis of 


variance) 





FRC unchanged FRC increased 





5 cm H,O 
10 cm H,O 


—2.3(1 7) 
—1.1 (1.9) 


—13 4 (3.7)* 
— 16 9 (4.0)* 
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respiratory inertance, dynamic compliance and resonant fre- 
quency. 

Resonant frequency decreased significantly with an un- 
changed FRC at 5 and 10 cm H,O of CPAP (table XVII). This 
was probably the result of a decreased chest wall compliance as 
the ventilatory muscles actively expired. Dynamic compliance 
decreased significantly at an unchanged FRC with 10 cm H,O 
of CPAP. 

These results indicate that CPAP causes a reduction in total 
respiratory resistance only when lung volume increases, 
probably as a result of reduction in airway resistance. 
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NON-SUPINE UTERINE AORTIC COMPRESSION 


S. M. KINSELLA*, J. A. D. SPENCER*, 

B. M. MORGAN* AND J. G. WHITWAM 

Department of Anaesthetics and Institute of Obstetrics and 
Gynaecology, Hammersmth and Queen Charlottes Special 
Health Authority, London 


Aortic compression by the term pregnant uterus has been 
demonstrated in the supine position using invasive measure- 
ment of arterial pressure in the leg [1]. The use of the 
Finapres digital arterial pressure instrument (Ohmeda) to 
detect aortic compression has recently been described [2] 

Thirty women with singleton cephalic pregnancies who 
were having uterine contractions were studied. Cuffs of two 
Finapres instruments were placed on a toe and a finger, re- 
spectively. Baseline recordings were taken in the woman’s 1n- 
ital position and then ın the left pelvic tilt position, referred 
to as either 10° (range 6~15°) or 20° (range 16~25°). If aortic 
compression was detected [2], the angle of tilt was further 
increased, first to 30° (range 26-35°) and then to the lateral 
position, until no further evidence of aortic compression was 
found. Nineteen women were also studied in the right pelvic 
tilt position. 

Eleven of 30 women (37%) were found to have aortic 
compression comcident with uterine contractions in the left, 
and four of 19 (21%) in the mght pelvic tilt position. In two 
subjects, aortic compression persisted during uterine 
relaxation and was relieved only by changing the maternal 
position. Aortic compression was found with 30° of pelvic tilt 
ia two women and in the semirecumbent position (reclming 
on a 45° wedge in bed, or “‘sitting”’) in two women, but never 
in the full lateral position. 

Eckstein and Marx [3] showed that the use of left pelvic 
ult reduced the severity of supine aortic compression. We 
have found severe aortic compression in the left and right 
pelvic nit positions even with 30° of ult, and we conclude that 
this manoeuvre is not very effective in its relief. The detection 
of gortic compression in the semirecumbent position also 
suggests that ıt may be more widespread than demonstrated 
previously. 
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INFLUENCE OF ALFENTANIL ON THE 
HYPOTENSIVE EFFECT OF TRIMETAPHAN 


T. A. BOLISTON 
Anaesthetic Department, Musgrove Park Hospital, Taunton 


COMPARISON OF I.M. KETOROLAC 
TROMETHAMINE AND MORPHINE SULPHATE 
FOR PAIN RELIEF AFTER CHOLECYSTECTOMY 


I. POWER, E. DOUGLAS*, D. W. NOBLE* AND 
A. A. SPENCE 

Umversity Department of Anaesthetics, Royal Infirmary, 
Lauriston Place, Edinburgh 


The injectable non-steroidal analgesic ketorolac 
tromethamine [1] may be comparable to morphine for 
postoperative pain relief [2]. We performed a double-blind, 
randomuzed study of the efficacy of ketorolac 30 mg i.m. 
compared with morphine 10 mg for pain relief after chole- 
cystectomy. After Ethics Commuttee approval, 100 patients 
(ASA I, II) gave informed consent to the study. Exclusion 
criteria were a history of peptic ulcer, asthma, bleeding 
tendency, or adverse reaction to non-steroidal agents. The 
anaesthetic technique was standardized, avoiding analgesics 
other than the study medication. Eight i.m. doses of ketorolac 
or morphine were available to each subject; the first was given 
at induction of anaesthesia and the others on patent demand 
Rescue medication (morphine) was available at the discretion 
of the nurse-observer who performed all the assessments, 
Specific efficacy measurements were made at the time of 


TABLE XVIII. SPID over 6 h (median and ranges). 
n= Number of subjects studied 


Ketorolac Morphine P 
Observer 
Day 1 0 (—7, 12) 7 (0,14) 0.0001 
n 48 45 
Day 2 7 (0, 10) 6 (—5, 13) 0.9 
n 36 38 
Patient 
Day | 0(—7,11) 6 (0, 13) 0.003 
n 32 30 
Day 2 1 (—5, 13) 5 (—11, 13) 0.21 
n 37 38 
Visual analogue 
Day 1 0.7 10.85 0.11 
(—8.1,42.7) (— 11.2, 42) 
n 19 18 
Day 2 11.2 13.2 0.41 
(—13.6,47) ( — 33.9, 52.2) 
n 37 37 
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administration of drug immediately after surgery (day 1) and 
the next morning (day 2). Pain intensity was scored indepen- 
dently by the observer and patient before and 0.5, 1, 2, 3, 4, 
5 and 6h after the 1.m injection (0 = none; 1 = mild; 2 = 
moderate; 3 = severe). The patient completed visual analogue 
scales for pain intensity. From these data, summed pain in- 
tensity differences over 6h (SPID) and the visual analogue 
equivalents were derived. 
Results for ketorolac and morphine were compared using 
the Mann-Whitney U test (table XVIII). On day 1 the observer 
_and patient SPID were significantly greater for morphine. 
There was no statistically significant difference between the 
drugs in the observer and patient SPID on day 2 or the visual 
analogue SPID on either day. 
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EFFECTS OF NEBULIZED LIGNOCAINE ON THE 
INTRAOCULAR PRESSURE RESPONSE TO 
TRACHEAL INTUBATION 


5. M. MOSTAFA, J. R. WILES*, T. DOWD*, 
R. BATES* AND $S. BRICKER* 
Department of Anaesthesia, Royal Liverpool Hospital 


DOSE REQUIREMENTS FOR PROPOFOL IN 
CHILDREN DURING TOTAL I.V. ANAESTHESIA 


B. L. BROWNE, A. R. WOLF AND 

C. PRYS-ROBERTS 

Sw Humphry Davy Department of Anaesthesia, Umversity of 
Bristol 


The infusion dose requirement (Minimum Infusion Rate: 
MIR) of propofol to prevent movement in response to the 
initial incision was determined in adults [1] using propofol 
and alfentanil in a manual infusion scheme [2]. We have 
used a similar scheme to determine the dose requirement of 
propofol in 36 fit children aged 3-12 yr, whose parents had 
given informed consent. The children were premedicated 1 h 
before anaesthesia with temazepam 0.3mgkg!. After 
administration of glycopyrrolate 05 pug kg, anaesthesia 
was induced and maintained with alfentanil (loading dose 
85 ygkg', infusion of 65jyg¢kg 2h!) and propofol 
(table XIX). 


TABLE XIX. Doses of propofol administered to four groups of 
children, and percent of children not moving at skin incision 


Propofol Gpl Gp2 Gp3 Gp4 
Loading dose (mg kg™!) l 1.1 1.2 F3 
Infusion 1 (mg kg? h™!) 10 11 12 13 
Infusion 2 (mg kg! h=!) 8 8.8 9.6 10.4 
Infusion 3 (mg kg™ h~?) 6 6.6 7.2 7.8 
% Non-movers 50 70 75 90 
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A larger dose of alfentanil was used than in the adult study, 
to take account of its altered pharmacokinetics in children [3]. 
Tracheal intubation was facilitated with suxamethonium 
lmgkg™ and the children’s lungs were ventilated to a 
normal B’po,, using 35 % oxygen in air. At the tıme of the skin 
incision, patients were classified as movers or non-movers and 
a venous blood sample was taken for the measurement of 
blood concentrations of propofol and alfentanil. 

The ratio of non-movers to movers, the doses and the 
blood concentrations of propofol were subjected to probit 
analysis. For the final infusion rate (Infusion 3) of propofol, 
the EDs, was 6 mg kg™! h-t, and the extrapolated ED,, was 
8.7 mg kg`! h-1, These requirements are significantly greater 
than those of adults [1] (Fischer Exact Test, P < 0.05). Blood 
concentrations of propofol at ED,, and ED,, were 1 03 
(sp 0.75) ug ml~* and 2.1 (0.9) pg ml-’, respectively. 

Plasma concentrations of alfentanil (245 (59) ng mi~!) were 
comparable to those achieved in adults who received the 
manual infusion scheme. 

Total i.v. anaesthesia with propofol and alfentanil may be 
used ın paediatric anaesthesia, provided that the increased 
requirement for propofol in this age group is taken into 
account, 
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PROPOFOL-INDUCED SEIZURE-LIKE BEHAVIOUR 
IN MICE 


M. B. SMITH, J. SOAR*, P. J. MORRIS AND 

S. J. DOLIN 

Glintcal Pharmacology Unit, Umversity of Cambridge and 
Department of Anaesthetics, Addsnbrooke’s Hospital, 
Cambridge 


We report here the occurrence of seizure-like behaviour in 
mice in association with propofol-induced anaesthesia. 

Male TO mice, weights 25-30 g, were imyected with 
propofol 1-200 mg kg™! dissolved in soy bean emulsion/egg 
phosphatide at 0.01 mg g via the i.p. route, and observed for 
up to 45 min. Anaesthesia was assessed by the loss of righting 
reflex. Each mouse was rolled onto 1ts back every 5 min after 
propofol injection. Failure to regain the upright posture 
within 60 s was the criterion for anaesthesia. Anaesthesia was 
produced by propofol at doses of 75 mg kg! and greater. 
These doses are greater than those reported by Glen [1], but 
may be explained by the different routes of administration of 
propofol, as that study used i.v. administration. Seizure-like 
behaviour, which was only seen at anaesthetic doses of 
propofol, was characterized by four-limb clonus, facial 
grimacing and tangue clonus. Each mouse was assessed every 
5 min for 60 s. The seizure-like behaviour occurred predomi- 
nantly at the onset and recovery from propofol anaesthesia 
and occasionally outlasted anaesthesia. All mice made full 
recoveries. A control group given Intralipid 1.p. showed no 
such effects. 

To determine if the seizure-like activity was of cerebral 
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cortical origin, we recorded EEG activity from mice following 
an anaesthetic dose of propofol. Mice were initially 
anaéstheuzed with 2% halothane, and a tracheotomy 
performed. Muscle relaxation was provided with vecuronmm 
0.2 mg kg™! i.p. and .sntermittent positive pressure ventilation 
was instituted at 60 L.p.. using a T-piece occluder. Anaes- 
thesia was continued with 50% nitrous oxide in oxygen and 
0.5% halothane. Halothane was removed immediately before 
admimstranon of propofol 150 mgkg' 1p. EEG was 
recorded from a pair of 2-mm silver—silver chloride wires 
inserted subcutaneously 1cm apart across the skull. The 
signal was taken via Medelec Biological amplifiers to a Gould 
recorder and also to an analogue-to-digital converter for 
storage on computer hard disc. A power—frequency spectrum 
was generated from these data. 

There was a generalized decrease in activity in EEG from 
four mice anaesthetized with propofol. By comparison, mice 
given a convulsant dose of the GABA antagonist bicuculline 
0.1 mg kg™! under halothane anaesthesia showed increased 
high frequency activity with spike and wave. These prelimi- 
nary EEG results suggest that the seizure-like behaviour 
associated with propofol anaesthesia is unlikely to be of cor- 
tical origin in this model. 
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FORMIMINOGLUTAMIC ACID EXCRETION IN 
ANAESTHETISTS 


P. ARMSTRONG, P. RAE, W. M. GRAY AND 

A. A. SPENCE 

Department of Anaesthetics and Chmeal Chemistry, Edinburgh 
Umversity and Glasgow University 


There is increasing interest in the implications of inactivation 
of methionine synthase (MS) by nitrous oxide in patients 
undergoing anaesthesia, but so far less attention has been 
given to the consequences, if any, of chronic exposure to trace 


397P 


concentrations of nitrous oxide. Sweeney and others [1] 
found three of 21 dentists who used nitrous oxide to have 
abnormal deoxyuridine suppression tests. 

It 18 possible to examine folate metabolism by the use of 
the formiminoglutamic acid (FIGIu) excretion test. Histidine 
is catabolized as follows: 


Histidine —-» FIGlu + tetrahydrofolic acid (THF) 
—— > Glu. acid + Formimino-THF 


If a loading dose of hisudine is given, when there is a shortage 
of THF, FIGlu is excreted in the urine. It ıs possible to 
examine the effects of nitrous oxide on folate metabolism by 
measuring excretion of FIGlu in the body. We have used this 
assay to assess the effects of nitrous oxide on anaesthetists. 

We studied 10 healthy anaesthetists (all male, mean age 
30 yr, range 25-41 yr). Daily, for 7 consecutive days 
(Monday~Sunday), each of them swallowed histidine 10 ¢ 
and collected all urine voided in the next 8h. During their 
working hours, time-weighted exposure to nitrous oxide was 
measured by methods described previously [2]. Ten subjects 
not exposed to nitrous oxide (seven males, three females, 
mean age 26 yr, range 24-29 yr) were studied similarly over 5 
days. In every case, there was full haematological and bio- 
logical screening. FIGlu was measured using an enzymatc 
assay [3]. 

The quannty of FIGlu excreted by the anaesthetists was 
similar within the group (ANOVA) and was not greater than 
those in the group not exposed to nitrous oxide. 
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POSTER PRESENTATIONS 


THE ICOR ANAESTHETIC ANALYSER 


S. J}. E. HUMPHREY*, N. P. LUFF* AND 

D. C. WHITE 

Drwisons of Bioengineering and Anaesthesia, Northwick Park 
Hospital and Chmcal Research Centre, Harrow 


The ICOR anaesthetic analyser is a compact instrument 
(19x 117 cm), which can be mounted on the anaesthetic 
machine with an optional screw clamp. The principle of op- 
eration is similar to the Engstrom EMMA. The sensor 
contains two piezoelectric crystals oscillating at their resonant 
frequencies. One crystal is a reference; the second, which is 
treated to adsorb anaesthetic agents, changes its frequency in 
direct proportion to the concentration of the agent. 

The sample 1s pumped to the analyser from a circuit 
adaptor through non-agent absorbmg tubing. Hydrophobic 


bacterial filters are fitted to the inlet and outlet ports, and 
serve the additional function of protecting the sensor from 
moisture. 

Agent concentration is shown on a digital display and 1s 
available as a voltage at the output socket on the back. There 
18 a comprehensive alarm indication. The instrument is pow- 
ered by a 12-V supply from a mains adaptor. To achieve the 
best resolution for the evaluation, all readings were taken with 
a voltmeter attached to the voltage output. The digital display 
values were also noted. 

To test linearity, each analyser was connected to sample the 
gas stream from a vaporizer, with the sample output passing 
to a gas chromatograph. The analyser and chromatograph 
readings were compared for agent concentrations of 0-5’, for 
halothane, enffurane and isoflurane. No significant departure 
from linearity was found. 

The calibration of each instrument was checked, using 
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volumetric standards (1%), for halothane, enflurane and 
isoflurane. When set with halothane standard, there was a 
gain error of +2% with isoflurane and +9% with enflurane. 

Halothane 1% from a vaporizer was run through an 
instrument for 4 days. The mstrument was checked period- 
ically for stability with a volumetric standard. The variation 
in gain was less than 1%; zero varied by 0.05% agent. The 
zero Was not easy to set on either the digital display or the 
voltage output. 

Nitrous oxide 70% in oxygen gave a reading corresponding 
to 0.08% agent. 

The analyser 18 available ın two versions; to evaluate 
response time, we used the instruments with the faster 
response ume. Using the method described by Humphrey 
and White [1], we recorded (10-90%) response times for 
halothane of 817 ms (range 764-844 ms) with the filters in 
piace, and 323 ms (range 292-360 ms) without the filters The 
difference was in part the result of a change ın flow rate. The 
handbook specifies that the filters should always be used. 

The ICOR Agent Monitor 18 a reliable instrument suitable 
for clinical use. If a high degree of accuracy is required, cali- 
bration should be carried out with the agent selected. The 
digital display has a slow response. Observation of concen- 
tration changes during ventilation requires the connection of 
an analogue meter or recorder. 
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ONE-HOUR MEASUREMENTS OF ENERGY 
EXPENDITURE IN CRITICAL ILLNESS 
EXTRAPOLATED TO ASSESS 24-H ENERGY 
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Unwernty Department of Anaesthesia and Department of 
Renal Medicine, Royal Lrverpool Hospital 


Energy expenditure of hospital patients ıs frequently 
measured using indirect calorimetry for a brief period and the 
results extrapolated to 24h. This technique in free living 
subjects has been shown to be accurate for the population, 
but in individuals the errors are large and random [1]. The 
maximum error that would ensue from extrapolating a l-h 
measurement of energy expenditure in ventilated patients to 
24 h has been investigated. 

We analysed the indirect calorimetry records of 15 patients 
(OM, 6F; ages 18-17 (median 53) yr; sepsis score 8-21 
(median 16); APACHE II score 11-34 (median 24) who 
underwent mechanical ventilation of the lungs for between 10 
and 31 (median 16) days. Energy expenditure was measured 
using an Engstrom Metabolic Computer (Gambro Engstrom, 
Stockholm, Sweden), 

Extrapolanng the greatest l-h measurement to 24h 
overestimated the mean 24-h energy expenditure of each 
patient by 14.0 (sE 2.7)% Extrapolanng from the smallest 
hourly figure each day underestimated 24-h energy expendi- 
ture by 7.1 (2.2% The worst single overestimate was 32% 
and the worst single underestimate 33%. 

Day-to-day varianon in 24-h energy expenditure as 
denoted by the coefficient of variation was 3.7-~-13.1 (median 
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6.2)%. For a 24-h expenditure of 8.4 MJ, this represents 
a day-to-day variation of 1.2—4 7(median 2.1)MJ. 

Energy expendirure changed significantly in five patents 
over the study period. In four the change was associated with 
a significant change in sepsis or APACHE II score: in two 
energy expenditure decreased and the score increased, in one 
an increase in energy expenditure was accompanied by a de- 
crease in score and in one subject both increased. In three 
patients there was a significant difference between the ume of 
the maximum and the ume of the minimum expenditure of 
energy. In these three, energy expenditure was maximum at 
00,2 (SEM 1.0) h and minimum at 05.8 (0 5) h (P < 0 05). 

It is concluded that a 1-h measurement of energy expen- 
diture extrapolated to 24 h generally produces a result within 
10-20 % of the “true” 24-h value, but measurements should 
be made every few days and ıt would probably be advisable 
to randomize the time of measurement. 
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PHARMACOKINETICS AND 
PHARMACODYNAMICS OF AN EQUIPOTENT 
FENTANYL AND ALFENTANIL DOSE IN MOTHER 
AND INFANT DURING CAESAREAN SECTION 
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Following Ethics Committee approval and unformed consent, 
we studied 41 female patients (ASA I-II) in their last 
trimester of pregnancy, undergoing elective Caesarean section. 
All received standardized rapid sequence induction with 
methohexitone 1.5 mg kg, and suxamethonium 1.5 mg kg. 
In addition, 18 of these received fentany! 0.005 mg kg“! and 
another five received alfentanil 0.03 mgkg™ before 
intubation. The remaining 18 patients served as control 
group. In both study groups, maternal central venous 
concentrations of opioid were determined 1 mn after injec- 
tion and at the ume of omphalotomy (radioimmunoassay). 
After performance of omphalotomy, fetal concentrations of 
opioid and pH, Pco, and Po, values in both umbilical vem 
and artery were measured. Feto~maternal quotients and fetal 
uptake of fentany! were calculated. All results are given as 
median values and range. 

Maternal plasma concentrations of fentanyl decreased 
significantly fram 7 84 (3.55~17.24) ng ml~? 1 mun after injec- 
uon to 5.92 (2.01~14.15) ng ml“! during omphalotomy. The 
corresponding plasma concentrations in umbilical vein blood 
were 2.08 (0.88-3.42) ng mi~}. The feto-maternal quotient 
was 0.44 (0.08-1.0). There was a significant correlanon 
between the umbilical vein concentration of fentanyl and the 
induction—delivery time. The I-D nme was 2-8 min. 

The l-min Apgar score was 8 (5—9), the 5-min Apgar score 
9 (8-10) and the 10-min score 10 (9-10). Neonates with a 1- 
min Apgar score of 9 (n = 6) had significantly lower umbilical 
vein concentrations of fentanyl (1.88 (0.88-2.79) ng ml-t) than 
children with a l-min Apgar score of 6 or 7 (m= 6) 
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(2.56 (1.91-3.31) ng ml“). One neonate from the fentanyl 
group required naloxone to antagonize residual block. 

The alfentanil study was discontinued after five neonates, 
because four of five children presented with massive respira- 
tory depression in combination with chest-wall rigidity 
making ventilation via face mask unfeasible. The I-D times 
were comparable to those of the fentanyl group (2-8 min). 
The umbilical vem concentrations of alfentanil were 
57.8 (24.8-76.1) ng mi~? and the feto—-maternal quotient 
0.3 (0.29-0.48). 

Mothers in the fentanyl group presented with significantly 
more stable cardiovascular condition during induction of 
anaesthesia and onset of surgery than those ın the control 
group. 

Umbilical vein concentration of fentanyl and fentanyl- 
induced respiratory depression correlate and decrease as I-D 
time increases. After short I-D times alfentanil, at the dose 
tested, may cause considerable problems in the neonate, while 
smaller doses (0 01 mg kg?) at I-D times greater than 10 min 
obviously lead to more favourable results [1]. Provided full 
technical facilities and staff are available for resuscitation of 
the neonate, administration of fentanyl 0.005 mg kg~! during 
rapid sequence induction in patients undergoing Caesarean 
section may be considered 1f maternal cardiovascular stability 
1$ required. 
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DOUBLE BURST STIMULATION IN CHILDREN 
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Train-of-Four (TOF) stimulation may lead to under- 
evaluation of the degree of paralysis. Use of double burst 
stimulation (DBS), which consists of two 60-ms, 50-Hz trains 
separated by 750 ms, may obviate this shortcoming. This 
study assessed the value of DBS im children 

We studied 21 patients (mean age 4.9 (SKM 0.4) yr, range 
3-10 yr; mean weight 18.2(09)kg). Anaesthesia was 
induced with thiopentone and maimtained with nitrous oxide 
and halothane in oxygen. The ulnar nerve was stimulated 
supramaximally with TOF stimulation and the force of con- 
traction of adductor pollicis measured. During recovery from 
neuromuscular block with atracurium, TOF was interrupted 
periodically and DBS apphed. Observers were asked to 
evaluate the degree of fade with both TOF and DBS The 
DBS ratio for each patet was measured at 0.1 increments of 
TOF ratio. Results were expressed as mean (SEM) and 95% 
confidence limits for each increment of TOF ratio. TOF and 
DBS ratos at which fade could no longer be detected were 
compared using the paired Student’s t test. 

Measured TOF and DBS ranuos were numerically simular 
and did not deviate significantly from the lne of identity 
Observers overestumated TOF ratios (P < 0.05 in the range 
0.3-0.6) (fig 3). TOF and DBS ratios at which fade could 
no longer be felt were 0.44 (0.003) and 0.67 (0.004) (P= 
0.0002). 


399P 


100 


Estimated rato 


S 6 ê &§ & &@ sf & 


Te 
0 © 20 30 40 50 60 70 80 80 100 
Actual ratio 


Fic 3. Esnmated TOF (A) and DBS (@) ratios vs measured 
TOF ratio (mean, SEM). 


In the presence of significant neuromuscular block, TOF 
fade remained undetected by observers, but with DBS, fade 
was detected more easily. The mean TOF ratio which was 
associated with the inability to detect DBS fade was close to 
the value normally associated with sausfactory respiratory 
function. DBS stimulation 1s a more sensitive indicator of re- 
sidual paralysis in children. 


EFFECT OF SYNTOCINON AND ERGOMETRINE 
ON THE LOWER OESOPHAGEAL SPHINCTER 
DURING THE FIRST TRIMESTER OF PREGNANCY 


R. W. D. MITCHELL*, M. J. JONES AND 
M. C. DERRINGTON 
Department of Anaesthesia, Leicester Royal Infirmary 


The effects of syntocinon and ergometrine on lower 
oesophageal sphincter pressure (LOSP) in 11 patients 
undergoing vaginal termination of pregnancy were studied by 
intraluminal manometry using a subminuature strain-gauge 
device [1] 

Following Ethics Committee approval and informed 
consent, patients were anaesthetized using a standardized 
technique. Measurements of LOSP were made with a patient 
in the lithotomy position at baseline and at l-min intervals 
for 5 min after administration of drug. Random allocation was 
made to two groups: group 1 (n = 5) received syntocinon 
10 units; group 2 (n = 6) received ergometrine 500 jig iv 
on completion of surgery. 

There were no significant differences between the groups 
in age, weight, height or baseline values for oesophageal bar- 
rier pressure (OBP) (difference between intragastric pressure 
and LOSP) (table XX). 

In group 2, there was an increase in OBP which was 
significantly different from baseline values at 3, 4 and 5 min 
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TABLE XX. Mean (SEM) oesophageal barrier pressures (cm H,O) 





Time after administration of drug (min) 


Baseline 1 
Group | 17.4 15.0 
(Syntocinon) (3.0) (1.1) 
Group 2 16,2 41.3 
(Ergometrine) (3.0) (10.8) 


(P < 0.02). There were also significant between-group 
differences ın OBP at those times after drug administration. 
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ACTIONS OF MICROIONTOPHORETICALLY 
APPLIED GABA AND MIDAZOLAM IN FERRET 
SPINAL CORD 
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We have shown previously that intrathecal administration of 
the imidazobenzodiazepine, midazolam, can produce spinally 
mediated analgesia in the rat, as shown by an increase in the 
electrical current threshold for pain [1]. This analgesia was 
antagonized by the selective benzodiazepine antagonist 
flumazenil, and by the GABA antagonist bicuculline [2], so 1t 
seems likely that this action of midazolam is mediated 
through the classical benzodiazepine~GABA receptor 
complex. We have now used electrophysiological techniques 
to study the effects of midazolam and GABA on responses of 
single neurones ın the spinal cord to afferent input of different 
modalities. 

Ferrets of either sex (weights 0.7-10kg) were 
anaesthetized with chloralose 100 mg kg™ i.v. and paralysed 
with suxamethonium. Arterial pressure and end-udal carbon 
dioxide concentration were monitored continuously and ar- 
terial samples were taken at l-h intervals for blood-gas 
analysis. Triple-barrelled glass micropipettes with typical tip 
diameters of 3 um were filled with pontamine sky blue sol- 
ution for marking position and recording, and with solutions 
of GABA and midazolam (0.1 mol litre! ın saline 
0.1 mol litre-}) for applicanon by microiontophoresis using 
currents of 0-50 nA. Recordings were made from neurones in 
the superficial laminae of the dorsal horn which fired in re- 
sponse to electrical stimulation of the sciatic nerve. They 
were characterized by their responses to hair movement, joint 
movement, light pressure, noxious pressure and noxious heat 
applied from a lamp focused on the foot pad of a hind paw. 

In these preliminary experiments we have examined the 
effects of microiontophoretic applicanon of GABA and 
midazolam to 14 neurones which responded to a variety of 
physiological inputs. In all cases the application of GABA 
resulted m a reversible mhibition of stimulation-induced 
firing. Midazolam was effective in inhibiting responses in 
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only 10 neurones; however, all these responded to noxious 
input, either noxious heat or noxious pressure. In neurones 
in which midazolam failed to inhibit responses to physiologi- 
cal or electrical stimulation, no noxious input could be 
discovered. 

These results should be interpreted with caution until more 
data have been accumulated. However, these findings are in 
accord with our previous studies in unanaesthetized rats, in 
that the effects of midazolam are linked with a selecnve 
reduction in nociception. 
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EFFECTS OF TRANSIENT REDUCTION IN 
BREATHING ON PULSE OXIMETER 
MEASUREMENTS DURING ANAESTHESIA 


L. M. M. MORRISON* AND G. DRUMMOND 
Department of Anaesthesia, Royal Infirmary of Edinburgh 


Pulse oximeters are advocated increasıngly for use during 
anaesthesia. This study was designed to assess their value 
in the circumstance of transient reduction tn ventilation such 
as can occur with the impaired airway control which can be a 
common complication during anaesthesia. 

With Ethics Commuttee approval, we studied 20 panents 
undergoing routine surgical procedures. Their ages were 
22—76 yr and they had no history of cardiovascular or respir- 
atory disease. Anaesthesia was standardized using nitrous ox- 
ide, enflurane and an inspired concentration of 33% oxygen. 
Oxygen saturation was measured with an Ohmeda Biox 3700 
pulse oximeter at 10-8 mtervals. Ten patients were monitored 
with a finger probe and 10 by an ear probe. End-tdal! partial 
pressure of carbon dioxide was measured in five of the 
patients. After baseline measurements for 90s, the patient 
was switched from a standard non-rebreathing system to one 
containing an added inspiratory flow-resisuve load. This 
reduced ndal volume by approximately 50% as measured by 
a Magtrak respiratory monitor [1]. 

Mean reductions ın the oxygen saturation over 120 s were 
1.2% (finger probe) and 1.5% (ear probe). The mean 
increase in end-tidal carbon dioxide was 1.33 kPa. The time 
course is shown mn figure 4. 

From the standard oxygen-haemoglobin equilibration 
curve, such changes in oxygen saturation would correspond 
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Fig. 4. Time course of changes in oxygen saturation (@, O) 

and end-tidal partial pressure of carbon dioxide ([]) after ap- 

plication of an inspiratory flow-resistive load to the breathing 
system. 


to a decrease in of 1 kPa (ear probe) and 0.7 kPa (finger 
probe). It is concluded that the pulse oximeter is not a good 
indicator of impaired alveolar ventilation in these 
circumstances. The pulse oximeter alone does not provide an 
early indication of serious impairment of ventilation. 
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A PSEUDO-REBREATHING TECHNIQUE FOR THE 
VENTILATORY SENSITIVITY TO CARBON 
DIOXIDE IN MAN 


A. DAHAN*, A. BERKENBOSCH?®, J. DEGOEDE*, 

I. C. W. OLIEVIER* AND J. G. BOVILL 

Departments of Anaesthesiology and Phynology, Unrvernty of 
Leiden 


In a previous study [1] we compared the ventilatory responses 
to changes in end-tidal carbon dioxide tension (Pec, ,) during 
hyperoxia, obtained with Read’s rebreathing technique (RR) 
and a steady-state (SS) method. We found that the carbon 
dioxide sensitivity from RR overestimated the SS carbon di- 
oxide sensitivity by 85%. In his original experiments Read 
[2] found good agreement between the ventilatory carbon di- 
oxide sensitivities obtained from both methods. It 1s possible 
that the differences between our results and those of Read 
reflect differences in the step increase of PE’'co, (A) and the 
rate of increase in PE'co, with nme (R). The values for A and 
R found in our experiments were 1.5 kPa and 0.53 kPa min“!, 
and in Read’s 1.2 kPa and 0.8 kPa mint, respectively. 

To investigate this and to assess if there are conditions in 
which the slope of a non-steady-state (NSS) response (Sp) 
approximates the SS slope (S,), we compared the ventilatory 
sensitivity to carbon dioxide obtained from an NSS 
step-ramp carbon dioxide challenge with the carbon dioxide 
sensitivity fram an SS method. Experiments were performed 
im nine healthy male subjects against a background of 
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hyperoxia (end-tidal Po, about 70 kPa). On 29 different 
morning sessions, 53 NSS and 29 SS expernments were 
performed. In the NSS experiments R was kept constant at 
0.8 (0.1) kPa min“! (mean (sp)) and A was varied between 0 
and 2 kPa. 

Linear regression analysis shows that there 1s a significant 
correlation between S,/S, and A (r=071]1; n=53; P< 
0.05). The slope of this relationship is 0.54 (0.07) kPa-! and 
the intercept 0.75 (0.07). The slope of the NSS response is 
approximately equal to the slope of the SS response when the 
magnitude of A is 0.46 kPa. Simulations, using the model 
described by Read and Leigh [3] were in agreement with our 
experimental results. The simulations also suggest that when 
metabolism and brain blood flow are changed an adjustment 
of A from the contro! value is necessary to keep the rano 
S,/5, equal to 1. 

We conclude that the large difference between our findings 
[1} and those of Read [2] can partly be explained by the 
difference m A. 

We propose that the ventilatory carbon dioxide sensitivity 
should be measured with the steady-state method rather than 
with a step—ramp carbon dioxide challenge, as in drug studies 
the use of Read’s rebreathing techniques may lead to mis- 
leading results. 


REFERENCES 


1. Berkenbosch A, Bovill JG, Dahan A, DeGoede J, Olievier 
ICW. Journal of Physiology (London) 1989; 411: 367-377. 

2. Read DJC. Australasian Annals of Medicine 1967; 16: 
20-32. 

3. Read DJC, Leigh J. Journal of Apphed Physology 1967; 
23° 53-70. 


PSYCHOMOTOR RECOVERY AFTER THREE 
METHODS OF SEDATION DURING SPINAL 
ANAESTHESIA 


L G. KESTIN*, P. B. HARVEY AND C. NIXON 
Department of Anaesthesia, Plymouth General Hospital 


SYSTEMIC OXYGEN UPTAKE DURING 
HYPOTHERMIC CARDIOPULMONARY PYBASS: 
EFFECTS OF ALFENTANIL AND NALOXONE 


R. P. ALSTON 
Unversity Department of Anaesthesia, Glasgow Royal 
Infirmary 


Systemic oxygen uptake (Vo,) was found to be decreased 
compared with preoperative values during normothermic 
cardiopulmonary bypass (CPB) [1]. The reduction in Vo, 
might indicate that, like hypothermia, anaesthesia has a sys- 
temic protective effect. Previous study [2] has found that 
isoflurane has no significant effect on Vo, during CPB. 
Opioids such as alfentanil are usually a component of cardiac 
anaesthesia which might account for a decrease in Vo,. For 
this reason, a study was undertaken to determine the effects 
of alfentanil on Vo, during hypothermic CPB. 

The study was approved by the local Ethics Committee and 
informed consent was obtained from all patients. Twenty 
patients scheduled for elective coronary artery surgery were 
allocated randomly to one of two equal groups. Patents were 
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premedicated with papaveretum 20 mg and hyoscine 0.4 mg 
im. Anaesthesia was induced with a sleep dose of midazolam 
iiv. and neuromuscular block obtamed with atracurium. 
Isoflurane was used to maintain anaesthesia throughout the 
procedure. Patients in group 1 were given no alfentanil until 
the end of Period 1. A bolus of alfentanil 50 pg kg 1.v. was 
given, followed by an infusion of 1 pg kg min! during 
. Period 2. In group II, alfentanil was given after induction 
until the end of Period 1, when ıt was discontinued. Naloxone 
0.4 mg i.v. was administered and Period 2 studied. Periods 1 
and 2 were two 10-min periods of stable hypothermic (28 °C), 
low flow (1.6 litre mint m-*) CPB. Non-pulsatile perfusion 
and alpha stat acid-base management were used. Blood 
samples were aspirated from arterial and venous cannulae at 
the end of each period and analysed for oxygen content using 
a Lex-O,-Con. Vo, was calculated using Fick’s principle. 
The study was planned to be a crossover design, but because 
of concern that naloxone might be a confounding factor it was 
analysed as a parallel. Comparisons between groups and 
within groups were made using unpaired and paired 
Student’s t test as appropriate. The level of significance was 
taken as 5% and Bonferromy’s correction applied. 

There were no significant differences in demographic 
details. In group 1, Vo, decreased from 54 (sD 
10) mi mint m`? in Period 1 to 52 (15) ml min` m`? in 
Period 2 by an average of 2.5 (95% CL -48, 
9.7) ml min~=4+m7*. In group IJ, Vo, increased from 51 
(12) ml min=! m~? in Period 1 to 55 (6) ml min™! m~? by an 
average of 3.3 (95% CL —10.2, 3.6) ml min”! m™*. There 
were no significant between-group differences during Periods 
l or 2. 

Alfentanil, in the doses used, had no significant effect on 
Vo, during hypothermic CPB. This finding would suggest 
that alfentanil, like isoflurane [2], has no systemic protective 
effect during hypothermic CPB. 
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EFFECTS OF PROPOFOL, THIOPENTONE AND 
ETOMIDATE ON PERIPHERAL VASCULAR 
RESISTANCE DURING CARDIOPULMONARY 
BYPASS 


F. BOER, P. ROS* AND J. G. BOVILL 
Department of Anaesthestology, Academic Hospital Leiden 


In a previous study we found that propofol 2 mg kg™', given 
durng cardiopulmonary bypass (CPB) caused a prolonged 
decrease in peripheral vascular resistance (PVR) [1]. The 
present study compared the effects of propofol, thiopentone 
and etomidate on PVR during CPB. 
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Thirty patients undergoing elective coronary artery surgery 
gave informed consent to participate in the study, which has 
Local Ethics Committee approval. Patients were allocated 
randomly to receive propofol 2mgkg™!, thiopentone 
4 mg kg™! or etomidate 0 3 mg kg}. Premedication was with 
oral lorazepam 2.5-5 mg. Anaesthesia was induced with 
sufentanil 4-7 ug kg! followed by an infusion of sufentanil 
0.05-0.1 pg kg? min`. During CPB the infusion rate was 
reduced to 0.025 ug kg! min™!. CPB was conducted using 
non~pulsatle flow (1.8 (sp 0.3) litre min™ m~’) at 27 °C. When 
temperature and perfusion pressure had been stable for 
5 min, the test drug was injected into the venous side of the 
oxygenator. Perfusion pressure and pump flow were regis- 
tered for at least 10 min after drug administration. Data were 
analysed using two-way ANOVA for repeated measures and 
t tests with Bonferroni correction for muluple comparisons. 
P < 0.05 was considered statistically significant. 

The groups were comparable with respect to age, weight, 
body surface area, haematocrit, perfusion flow rate and pre- 
injection PVR. In all groups, PVR had decreased significantly 
from control values by 2 min after injection. In the thiopen- 
tone and etomidate groups, PVR was not significantly diff- 
erent from control] values within 3 and 4.5 min, respectively, 
but PVR remained significantly less than control values until 
10min after the injecnon of propofol. The maximum 
decrease in PVR was similar for all groups (table XXI). 


TABLE XXI. Mean (SD) PVR (dyn scm”) after myection of 


propofol, thiopentone and etomidate during CPB. 
* Sigmficantly different (P < 0.05) from time 0 
Time 
(min) Propofol Thiopentone Etomidate 
0 1540 (205) 1770 (367) 1704 (210) 
2 1062 (246)* 1382 (394)* 1240 (289)* 
4 1196 (243)* 1609 (480) 1387 (248)* 
6 1235 (250)* 1603 (363) 1445 (265) 
8 1247 (264)* 1640 (381) 1536 (284) 
10 1282 (237)* 1647 (378) 1553 (273) 


When used for mduction of anaesthesia in doses compar- 
able to that given in this study, etomidate causes less change 
m PVR than thiopentone or propofol. In contrast, we found 
no difference in the effect of these three drugs on PVR when 
given during CPB. However, while the vasodilatation caused 
by thiopentone and etomidate was of short duration, injection 
of propofol resulted in a prolonged decrease in PVR. It is 
possible that propofol induces vasodilatation by a mechanism 
different from that of thiopentone and etornidate 
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CORRESPONDENCE 


COMPLICATIONS OF THE USE OF EMLA 


Sir,—EMLA (Astra Pharmaceuticals), a eutectic mixture of 
lignocaine and prilocaine, is available for use as a cutaneous 
local anaesthetuc. It has proved to be an extremely useful 
adjunct to venepuncture, particularly in children, both for 
anaesthesia and for routine clinical applications. The 
recommended technique for its use requires that a generous 
amearing of the cream is retained in place by the application of 
a self adhesive, transparent plasuc film dressing which 
therefore effectively seals the site. If this isolating barner is 
disrupted, the cream may effect other tissues in a hazardous 
manner This potential problem is illustrated by the following 
case reports: 

A severely brain damaged 24-yr-old man presented for knee 
surgery. Communication with him was impossible. He was 
aphonic and there was concern that his persistent lack of 
vocalization may have been caused by laryngeal damage 
sustained during his previous long spell of artificial ventilation. 
The patient was premedicated with diazepam, and EMLA was 
applied to the dorsum of both hands. When the patient arrived 
in the anaesthetic room, the EMLA dressing was present only 
on one hand. Following venous cannulation, anaesthesia was 
induced with thiopentone and maintained with nitrous oxide, 
oxygen and enflurane by mask. During anaesthesia, the 
opportunity was taken to inspect the patient’s larynx: although 
there had been no signs of respiratory obstruction, the larynx 
was found to be partially occluded by a greyish mass which lay 
beyond the cords. On removal, this mass proved to be the 
occlusive dressing of the EMLA. 

At 2-yr-old child was premedicated 2h before operation 
with promethazine 3mgkg™ and droperndol 0.2 mg kg™ 
orally. At the same time, EMLA was applied to the dorsum of 
each hand and covered with the transparent film dressing 
provided. When the child arrived in the anaesthetic room, one 
of the dressings had been punctured and the cream was 
dissipated. It was suspected that the child had chewed the 
dressing and consumed the EMLA orally. This supposition 
was reinforced when it proved possible to undertake laryn- 
goscopy and tracheal intubation of the child after induction of 
anaesthesia with only a small dose of thiopentone. The child 
continued to breathe spontancously during tracheal intubanon 
without cough or laryngospasm. It appeared that the upper 
airway had become effectively anaesthetized. 

A small child, arriving ın the anaesthetic room 2h after 
administration of premedication which had included bilateral 
application of EMLA to the hands, was seen to rub his left eye 
vigorously with the back of the left hand. On examination, the 
dressing was found to have been loosened and the eye lids and 
adjacent area of the face were smeared with the cream. The 
affected area was bathed and the eye covered with a protective 
pad, the lids having first been secured closed by the application 
of adhesive tape. It was feared that the cornea may have been 
anaesthetized by the crearn and that, in such a state, an 
abrasion might have occurred. Subsequent examination 
revealed no injury. 

Since these incidents, ıt has been our practice to ensure that 
the nursing staff apply a secondary protective dressing of 


conforming (crepe) cotton bandage over the plastic film 
dressing. This protects the membrane from direct damage 
and, in the event of a leak of cream, absorbs the spill, thereby 
preventing spread. This procedure has been in operation for 
more than 1 year. It has been found to be effecnve in 
protecting the patient from the consequences of inadvertent 
muis-application of the creara. 

J NORMAN 

P. L. JONES 

Cardiff 


ANAESTHESIA AND OUTCOME OF SURGERY FOR 
FRACTURED NECK OF FEMUR 


Sir,—Several important points concerning the design and 
analysis of epidemiological studies are raised by the paper by 
Coleman and colleagues [1], which addresses the important 
issue of the optimization of anaesthetic care for elderly patients 
undergoing surgery for fractured neck of femur. However, the 
opening statement: “‘ There is clear evidence ... that anaesthetic 
technique affects outcome ” 1s supported only by small studies. 
The only published epidemiological studies of reasonable sıze 
[2,3] suggest that the converse 18 true, with no differences in 
mortality between spinal and general anaesthesia. 

The tendency to ignore issues of statistical power frequently 
affects both literature reviewing and the planning of com- 
parative clinical studies. Yet it is essential in the design of such 
studies that some form of power analysis precedes or 
determines the calculation of the sample size. If this is not 
done and an experiment has insufficient staustical power to 
demonstrate a pre-defined difference ın the chosen variable, 
then roughly 50% of patients are subjected needlessly to a 
potentially inferior treatment, and the experiment 13 
scientifically unjustified. 

There are considerable data regarding mortality from hip 
fracture surgery in the 70s and 80s, and there seems no 
question that early postoperative mortality has decreased in 
most centres. Whilst some of these data may not have been 
available at the time when the study of Coleman and colleagues 
was planned, even taking the older mortality figures quoted 
(32 % for controlled ventilation [4] and 18% for spontaneous 
ventilation general anaesthesia [5], a study of 152 patients has 
insufficient power (B approximately = 060 at a= 0.05) to 
detect a difference of this magnitude. To give this study 
sufficient power (B > 0.80 at a = 0.05) to detect a significant 
difference between 0.32 and 0.18, the experiment would have 
required approximately 130 subjects per treatment group [6]. 
Considerable data [7,8] which would have been available at 
the ume of planning show that the expected mortality ın the 
1980s, whatever the anaesthetic technique, would be likely to 
be much less than 20%. Therefore, the numbers required to 
ensure the same statistical power would be significantly greater 
and many hundreds of patients would be required. Even with 
large studies that take this into consideration during planning, 
it 18 possible for the final outcome to remain uncertain. This 
was the case in both the Danish [2] and our own [3] studies. 
For example, in our study the observed mortalities for spinal 
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and general anaesthesia at 28 days after operation were both 
about 5%, considerably less than those predicted (15% and 
8%), and similar to the study of Coleman and colleagues. 

The main statistical analysis of mortality used by Coleman 
and colleagues [1]—the Standard Error of the Difference 
between Proportions—is inappropriate, and has the potential 
to produce misleading conclusions. Survival analysis is a 
superior procedure. The choice of times at which the authors 
compare the two groups 1s necessarily arbitrary and could 
influence the statistical outcome. Furthermore, the technique 
of including prior intervals in subsequent ones (eg. 0-2 weeks, 
0-4 weeks, etc.) implies that the comparisons made are not 
independent. Attention should be paid also to concomitant 
factors associated with hip fracture mortality. Where an 
outcome variable is known to be dependent on a specific 
categorical variable, the random allocation of patients to the 
treatment groups may require pre-randomization 
stratification, or post-stratification in the analysis phase. If this 
procedure is not followed, an imbalance in the distribution of 
the prognostic variable between the treatment groups can 
occur, thus biasing the outcome comparison between the 
groups. 

Statistical techniques using covariates can overcome such 
problems if used correctly, but were not utilized. Both sex and 
age are known to be important variables influencing mortality 
following hip fracture [7,8], yet stratification was not 
performed for either, nor did the statistical analysis take any 
differences between the groups into consideration. This is 
despite the fact that there is a difference in the sex ratio 
between the two anaesthetic groups that falls only just short of 
“statistical significance” (0.05 < P < 0.1), 

The study design also raises questions regarding the 
handling of exclusions. It is clear from table I that at least 
some, and possibly all, of the excluded patients were so after 
randomization, yet were not included in the final analysis. The 
Statistical Advisory Group to the MRC Leukaemia Committee 
[9] has discussed in detail why it is essential in survival studies 
that all post-randomization patients are included for statistical 
purposes. In a study of the size of that under discussion, the 
exclusion or inclusion of only a few patients can bias the 
outcome. Only by following up and reporting outcome in the 
excluded patients ın addition can concern over this be allayed. 


F. M. Davis 

C. FRAMPTON 

J. E. WELLS 
Christchurch, N.Z 
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Sir,—Thank you for the opportunity to reply to the comments 
by Dr Davis and colleagues. While we accept in principle the 
comments made regarding statistical power analysis, we feel 
strongly these apply to many studies which are, by their 
nature, umperfect in this field. The study was planned as long 
ago as 1982 and we were constrained by the resources available 
to us, and studied the maximum number of patients that was 
possible at the time, The study which we attempted to refute 
was that by Spreadbury [1], who showed a much higher 
mortality after controlled ventilation compared with spon- 
taneous ventilation in patients with fractured neck of femur. 
That study contained only 66 patients compared with the 152 
patients in our study. Statistical power planning was not 
commonly used at the time we planned the study. However, 
there were several studies in this field which had shown 
significant differences in postoperative mortality with numbers 
smaller than in our own study. 

Were we planning the study today, we would certainly adopt 
the suggestions of Dr Davis and his colleagues and, now that 
we are aware of the reduced mortality with the condition, 
would probably not embark on this type of study at all in view 
of its difficulty. This notwithstanding, we strongly stand by 
the conclusion of our paper that in clinical terms there is no 
important difference in outcome as assessed by mortality, 
between spontaneous and controlled ventilation. The omission 
of three patients who could not tolerate the spontancous 
technique was felt to be justified as they had to be transferred 
to the other technique and therefore had received a mixture of 
both techniques. Their inclusion with either group would be 
unhelpful and confusing and in any case would not have 
changed the conclusion. 

However, we think the issues raised by Dr Davis and his 
colleagues are important and deserve wider discussion in 
epidemiological studies of anaesthesia. 


P. J. MCKENZIE 

A, COLEMAN 

J. BOYCE 
Oxford 
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CORRESPONDENCE 


USE OF A MAGNET WITH PROGRAMMABLE 
PACEMAKERS 


Sir,—I read with interest the case report of Drs Madsen and 
Andersen on pacemaker-induced tachycardia during 
transurethral resection of prostate, in which placing a magnet 
over programmable pacemakers was advised to reduce the 
pacing rate [1]. Unless the precise characteristics of the 
pacemaker are known, magnets should not be placed on 
programmable pacemakers when diathermy is being used, as 
electromagnetic interference from diathermy may cause ran- 
dom reprogramming of the pacemaker [2]. 

I am uncertain why a paced tachycardia was interpreted as a 
sign of inadequate anaesthesia. Care during manually assisted 
ventilation avoids hyperventilation as effectively as the use of 
a mechanical ventilator. 

D A. Davip 
Edinburgh 
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Sir,—We thank Dr David for his remarks on our case report. 
It is correct that magnets, placed over programmable 
pacemakers during periods of diathermy, may cause random 
reprogramming of the pacemaker [1]. The use of a magnet may 
be controversial. Both the actual circumstances and the 
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characteristics of the particular pacemaker must be taken into 
consideration. 

An example of a problem related to the use of magnets over 
pacemakers was described in a clinical report by Shapiro and 
colleagues [2]. A magnet was placed over a pacemaker, into 
which was programmed a threshold test ‘‘ Vario”. When this 
test programme was initiated by the magnet, the pacemaker 
produced 16 pulses at 100 beat min™!. However, during the 
second sequence the output was reduced successively to 0 V. If 
the threshold for stimulation is high, several beats may fall out. 
The pacemaker will repeat the test programme until the 
magnet is removed | 

The pacemaker (META MV 1202, Telectronics}, which the 
patient in our case report had implanted, does not have the 
“Vario” function. This pacemaker, which registers the 
ventilatory minute volume, is supplied with a bipolar electrode 
for stimulation of the heart. Pacemakers with bipolar electrodes 
are less sensitive to interference compared with those with 
unipolar electrodes [3]. In this connection, it should be 
observed that the pacing stimulus derived from a bipolar 
electrode may be difficult to see on an ECG, because of tts 
small size (fig. 1). On a diascope this may be even more 
difficult, because of either noise interference or varying 
location of the leads. In this way the registration of heart rate 
may claim greater interest compared with the configuration of 
the ECG—to those who are unfamiliar with this problem. 


G. MADSEN 
C. ANDERSEN 
Odense 
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Fic. 1. Recording of an “ECG” from a patient with Meta MV 1202 pacemaker (Diascope (S & W)). The 
thin arrows indicate pacemaker stimulations. Thick arrows indicate P-waves in normal sinus rhythm 
with broad QRS complexes 
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DEJA VU 


Sir,—Dr A. I. J. Brain has evidently caught the attennon of 
anaesthetists in the U.K. with his description of the “‘ Laryn- 
geal Mask” [1]. Others have given it their blessing [2], and 
it appears likely to prove a useful addition to the anaesthenst’s 
armamentarium. 

However, in common with many good ideas it is not 
altogether original. Dr B. C. Leech of Regina, Saskatchewan, 
described his “Pharyngeal Bulb Gasway” in 1937 [3]. The 
principle and purpose are the same as Dr Brain’s, but Leech 
had to make do with the materials then available—metal and 
rubber—before the introduction of neuromuscular blocking 
drugs and plastics. He designed a round metal tube with a 
shape similar to the standard “ Guedel” airway, with which we 
are all familiar, but “the lower end expanded and guarded by 
two metal loops which prevent the epiglottis or other tissue 
from closing over the lower aperture; a large bulb of resilient 
soft rubber carefully shaped to the contours of the adult 
pharynx fits over the lower end of the tube ” He described its 
use: “when good surgical anaesthesia has been induced and 
the jaw muscles fully relaxed, the face piece is discarded. With 
the tongue held gently forward by means of the tongue forceps, 
the gasway is introduced, tip first, and following the contour of 
the roof of the mouth, 1s placed gently in position back of the 
tongue. The tongue 18 then released, causing the gasway to fit 
snugly, but gently in place ” 

Dr Harold Griffith, who was a contemporary and friend of 
Dr Leech’s, commented “our attitude toward the use of an 
endotracheal tube for abdominal surgery is that an adequate 
and unobstructed airway must be obtained at all cost. If the 
patient breathes quietly and smoothly with the face mask, we 
use that method. If the mask will not fit properly we use the 
“Leech gasway’’. If this method is not satisfactory we then use 
an endotracheal tube.” Dr Deirdre Gillies, who has succeeded 
Dr Griffith at the Queen Elizabeth Hospital in Montreal, has 
two specimens of the “Leech gasway’’; they are over 50 years 
old and the rubber 18 no longer ‘‘resilient and soft”, but the 
purpose is clearly the same as Dr Brain’s, to provide a gastight 
airway, without passing a tube through the cords. 
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Dr Brain is to be congratulated on his ingenious device; I 
anticipate a growing popularity for its use by anaesthetists and, 
no doubt, in emergency situations by medical technicians. 

R. BODMAN 
Dartmouth, Nova Scota 
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Su-—-The Laryngeal Mask (LM) differs in important ways 
from the airway designed by Leech. 

First, the anatomical position is different. The Leech 
Pharyngeal Bulb Gasway formed a plug in the upper pharynx 
behind the back of the tongue, with its lower end just reaching 
the tip of the epiglottis. The LM hes much deeper, with its np 
resting agaist the upper oesophageal sphincter, allowing 
sufficient room above ıt to permit tonsillectomy to be carried 
out. 

Second, there 18 a clear difference in function between the 
two devices. The Leech airway forms a seal around the 
perimeter of the pharynx, while the LM seal 1s made at right 
angles to this, around the perimeter of the larynx. The mask 
and glottic apertures are thus facing each other, permitting 
blind intubation of the trachea via the tube of the LM, or 
fibreoptic inspection of the larynx or bronchial tree Because 
the LM seals against the larynx, it 1s also possible to pass tubes 
or fibreoptic gastroscopes behind the LM without loss of seal or 
disturbing the airway. 

Regarding the materials which were available, rubber was 
the materia] used ın the first LM prototypes! The commercial 


LM is made in silicone rubber because it withstands 
autoclaving. 
A. I. J. BRAIN 
London 
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BOOK REVIEWS 


Clinical Anaesthesiology No, 22: Some Aspects of Anaesthetic 
Safety. Edited by O. P. Dinnick and P. W. Thompson. 
Published by Bailliere, London. Pp 441; indexed; 
illustrated. 


Drs Dinnick and Thompson are well respected authorities in 
the field of anaesthetic standards and safety. They are also 
blessed with the gift of foresight, or so it seems. This book, 
dated 1988 but reaching us in 1989, brings together greatly 
differing strands of knowledge which either are central to or 
impinge on safety. Until recently, some were very unfash- 
ionable, at least in the U.K., but with the blossoming of the 
audit and quality assurance industry, are now at the height of 
fashion. 

Thus the psychology of safety by J. Chappelow and a 
general piece on audit etc. by H. B. Devlin are required 
reading. W. J. Russell and E. Schwanbom provide com- 
plementary chapters on critical incidents and instrument safety 
and failure J. Hedley Whyte tells of the American monitoring 
standards, an illustration of development that by-passes the 
scientific method. 

Two chapters that the reader might not expect merit 
mention. Jean Lumley’s short chapter on decontamination of 
breathing systems, and the need for it, is a useful source for 
those responsible for such discipline in the hospital. Quite 
different is the chapter by Griselda Cooper and C. Prys 
Roberts on the undergraduate curriculum. On the face of it, 
this should not be in the book at all, but in the year when the 
U.K. College of Anaesthetists is about to launch a campaign 
for greater involvement of anaesthesia in the undergraduate 
curriculum, it 1s another bulls-eye. 

A. A. Spence 


Resuscttation of the Newborn. Part I: Banc Resuscitation. Part 
Il: Advanced Resuscitation, 1st Edn. Edited by a Working 
Party of the British Paediatric Association, the College of 
Anaesthetists, the Royal College of Midwives and the 
Royal College of Obstetricians and Gynaecologists. 
Published by Chameleon Press Ltd, London. Pp. 28+ 
25; illustrated. Price £7 set. 


Cardiopulmonary resuscitation is one of the few areas of 
medicine in which all the required mformation has to be 
instantly available. Although resuscitation 1s required more 
commonly for the newborn than for the older child, it is 
sufficiently infrequent in many obstetric units for individual 
members of staff to be involved only rarely. The two booklets 
entitled Resuscitanon of the Newborn are therefore very 
welcome, as they provide, in a simple and concise format, most 
of the essential information. 


The booklets are aimed at all health professionals working 
on labour wards, and have been produced by appropriate joint 
working parties of the learned bodies listed above They 
rightly emphasize that the necessary skills cannot be learned 
from books alone, and that they should be supplemented by 
clinical experience, reguiar training, or both. 

The first booklet is subtitled Basic Resuscitation and 1s 
concerned with airway maintenance, methods of positive 
pressure ventilation with a mask, and external cardiac massage 
(ECM). The equipment required for both basic and advanced 
resuscitation and its maintenance are described also. 

The general approach of the text is simple and pragmatic. 
Many of the concepts which have caused confusion in neonatal 
resuscitation (such as primary and secondary apnoea) have 
been played down and unnecessary intervention ın the normal 
newborn, such as deep oropharyngeal suction, is condemned, 
A useful feature is the flow chart, found on the last page, which 
gives a management scheme based on simple clinical variables. 

However, there are one or two disappointing areas: for 
example the cardiac pump mechanism, rather than the more 
recently accepted thoracic pump mechanism, is proposed as 
the means of blood flow during ECM. More seriously, the 
thumb placement for ECM, illustrated in figure 12, is 
misleadingily low, and on page 21 ıt is suggested thar, in order 
to co-ordinate positive pressure ventilation and ECM, the 
rescuer should call “1 and 2 and 3 and breath”. This would 
result in a much lower heart rate (and hence cardiac output) 
than the commonly taught “1, 2, 3, 4, 5, breath’’. 

The second booklet, Advanced Resuscitation, deals with 
tracheal intubation, drug therapy and the treatment of specific 
conditions which may require resuscitation. There 18 also a 
short section on ethical decisions. Again, this 1s a straight- 
forward description, with emphasis on simple clinical features. 
There are also useful flow diagrams for the management of 
apnoea, meconium aspiration and acute blood loss. A par- ` 
ticularly good section describes the management of specific 
problems such as diaphragmatic hernia, hydrops fetalis, etc. 

The section on drug administration 18 less helpful. Despite 
the current debate concerning the effects of bicarbonate on 
intracellular pH, and the recent recommendatons of the 
Resuscitation Council, it is recommended unreservedly as the 
drug of first choice if there if there ts no response to ventilation 
and ECM. Surprisingly, there is only a passing mention of 
glucose administration and finally, although the endobronchial 
route for administrauon of drugs is mentioned, detailed 
suggestions for doses and dilutions are not given. 

Nevertheless, the above criticisms are minor, and do not 
detract form the overall worth of the booklets. I am sure that 
they will prove extremely helpful to all doctors and nurses 
working on labour wards, and should be essential reading for 
those involved in the resuscitation of the newborn. 

R Bingham 
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ANAESTHESIA AND UPPER RESPIRATORY TRACT INFECTIONS—A NON-EXISTENT HAZARD? 


Upper respiratory tract infections, or the so called 
common cold, are among the commonest diseases 
in Britain and account for more than 50 % of time 
lost from work through acute illness. It follows, 
therefore, that a sizeable proportion of patients 
presenting for elective anaesthesia and surgery are 
suffering from such an illness: The decision 
whether or not to anaesthetize a patient who 
presents with an upper respiratory tract infection 
(URTI) is an enduring clinical dilemma. It has 
been common practice in the past to postpone 
procedures in such patients, although the justi- 
fication for doing so, especially in adults, is 
particularly tenuous. 

The diagnosis of URTI is always difficult and is 
complicated by the fact that a particular clinical 
syndrome is not associated necessarily with one 
specific viral agent. The physical ‘signs and 
symptoms include increased nasal discharge and 
obstruction, sneezing, watering eyes and con- 
junctival swelling, facial and ear pain, sore throat, 
headache and cough. These may last for up to 3 
weeks and may be accompanied by the systemic 
symptoms of malaise, muscular ache and fever, 
although the last two are usually of only a few days 
duration. Viruses are by far the most commonly 
incriminated pathogens, with rhinoviruses, myxo- 
viruses, and respiratory syncytial virus (RSV) the 
main culprits. The rhinovirus thrives at a tem- 
perature of 33°C and a pH of 6.8, conditions 
found in the anterior nares. The RSV may differ 
quite markedly in the way in which it affects 
children and adults, causing simple rhinorrhoea 
and sneezing in adults, with a more severe 
systemic and lower respiratory upset in children. 
These viruses are spread very readily, with an 
infected individual having a one in five chance of 
infecting another person. Positive isolation of a 
virus is fraught with difficulty; the best methods 
of detection are tissue culture from naso- 
pharyngeal washings and demonstration of an 


increasing serum antibody titre. The pathological 
changes induced by viral invasion of respiratory 
epithelial cells are initially oedema, followed by 
shedding of columnar epithelial cells [1]. 

A paediatric anaesthetic textbook suggests that 
it is foolish to undertake any surgery other than 
emergency in patients with URTI, on the as- 
sumption that they are at a greater risk of intra- 
and postoperative pulmonary complications [2]. 
On the other hand, another standard textbook 
states that patients with a mild coryzal illness are 
not at increased risk [3]. Unfortunately, the 
citation used to support this statement does not 
contain any clinical data, but merely advances the 
author’s opinion [4]. i 

To date the clinical literature, albeit sparse, has 
focused on the paediatric population. Recent 
prospective and retrospective studies suggested 
that there was no increase in respiratory compli- 
cations in children with uncomplicated URTI [5, 
6]. These studies were based primarily on symp- 
tomatology, the latter study being subject to the 
inherent biases of a retrospective study using case 
records. However, children who were asympto- 
matic, but with a recent history of an URTI, 
showed a significantly increased risk of developing 
complications during surgery [6]. In contrasi, the 
administration of general anaesthesia to the group 
with current URTI was followed by a decrease in 
both the appearance and duration of several 
respiratory symptoms [5]. In children with 
chronic otitis media, the potential confounding 
effect of myringotomy on the progress of URTI 
was felt to be minimal by the authors. McGill, 
Coveler and Epstein cited two case reports 
representative of 11 children who developed 
unexplained intraoperative pulmonary complica- 
tions, that is, pulmonary collapse requiring bron- 
choscopy. The common factor in all subjects was 
a history of URTI during the previous 1 month 
[7]. A more recent study found that children aged 
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14 yr with URTI signs and symptoms at the 
time of surgery, or with a history of the same in 
the previous week, were at an increased risk of 
developing transient postoperative hypoxaemia, 
as measured by pulse oximetry in the recovery 
room [8]. 

The second focus of interest is the effect of 
inhalation anaesthetic agents on the course of 
respiratory infections. Tait, Du Boulay and 
Knight showed that general anaesthesia ad- 
ministered to influenza-infected ferrets carried 
minimal morbidity in terms of histopathological 
changes [9]. This observation is related possibly 
to the effect of these agents on replication in 
different viruses. Knight, Nahrwold and Bedows 
showed that clinical concentrations of halothane, 
enflurane and isoflurane retarded cell division in 
measles virus [10, 11]. ‘The appearance of progeny 
virus from the cell cultures exposed to these 
anaesthetics was decreased in a dose-related 
manner. Recovery occurred after removal of the 
anaesthetic agent. Replication in animal viruses 
has been shown to be affected similarly [12]. 
However, altered undesirable variants of viral 
replication may also be produced by exposure to 
halothane. For example, a variant of measles virus 
causes sub-acute sclerosing panencephalitis and, 
in the case of Herpes simplex virus, the chronicity 
of infection may be increased by exposure [13]. 

In spite of these interesting virological findings, 
such patients remain a problem. Routine pul- 
monary function testing does not confer any 
benefit in the normal patient suffering from 
URTI. Bronchial hyperactivity has been shown 
to be increased markedly in subjects with colds. 
The inhalation of histamine produces at least a 
200% increase in airway resistance in normal 
subjects with colds, compared with a 30% 
increase in controls [14]. This has been shown to 
occur also, but to a lesser extent, with citric acid. 
Hyperactivity was present for up to 7 weeks 
following the infection. This is not a practical 
procedure for most patients. 

At present there is little evidence to show that 
anaesthesia in adult patients with URTI leads to 
respiratory complications. It is difficult to find a 
suitable animal model to reflect accurately the 
changes occurring in the human respiratory tract 
in response to challenge with a combination of 
infection, anaesthesia, positive pressure venti- 
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lation and surgery [15]. Deliberate administration 
of general anaesthesia to a selected group of s» 
patients with URTI would seem, therefore, to be 
the only way of resolving this dilemma. 

M. E. Fennelly and G. M. Hali 
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SERIOUS NON-FATAL COMPLICATIONS ASSOCIATED 
WITH EXTRADURAL BLOCK IN OBSTETRIC PRACTICE+ 


D. B. SCOTT AND B. M. HIBBARD 


SUMMARY 


A retrospective study of serious non-fatal com- 
plications of extradural block in obstetric practice 
was carried out using a postal questionnaire. 
Two hundred and three obstetric units in the 
United Kingdom (responsible for 2580000 de- 
liveries from 1982 to 1986 inclusive) responded. 
A total of 505000 extradural blocks were 
performed, 84% for relief of pain in labour 
and 16% for Caesarean section. Of 708 events 
reported, five were associated with permanent 
disability. Neuropathy involving a single spinal 
nerve, acute toxicity from the local anaesthetic, 
and problems associated with accidental dural 
puncture were the commonest complications. 
This investigation indicates the need for a 
prospective study. Although rare, serious com- 
plications could be reduced further by meticu- 
lous technique, while early diagnosis and treat- 
ment of untoward events would reduce the 
incidence of permanent disability. 


KEY WORDS 


Anaesthesia: obstetric Anaesthetic techniques: extradural 
Complications. 


Extradural block has been in common use in 
obstetric practice for nearly 20 years and is used to 
relieve pain in labour in about 17 % of mothers in 
the United Kingdom [1]. In addition, many 
thousands of mothers receive an extradural block 
for Caesarean section. Although the mortality 
associated with extradural block in obstetric 
practice in the U.K. is known from the Con- 
fidential Enquiries into Maternal Deaths, there 
are no accurate figures for morbidity, especially 
- serious morbidity. Some of the more serious cases 
are reported in the media and most mothers are 
aware that they occur. As a result, they may 
enquire about the incidence of such problems as 


~ 


permanent neurological damage, but their medical 
advisers (obstetricians, anaesthetists, general 
practitioners) are unable to give authoritative 
figures quantifying the risks. 

While there is no substitute for a prospective 
study, it is of the greatest help in planning such a 
study to have some concept of the magnitude of 
the problem. As serious complications are likely 
to be known and remembered within individual 
obstetric units, it was decided to perform the 
following retrospective study. The Royal College 
of Obstetricians and Gynaecologists and the 
College of Anaesthetists have had a joint liaison 
committee for several years and the enquiry was 
planned and executed under its auspices. 


METHODS 


All obstetric units in the U.K. were sent two 
questionnaires. One asked for details of the 
extradural service in a unit and the results of this 
have been presented elsewhere [1]. The second 
asked for the incidence and nature of serious 
adverse events during and following extradural 
block. The anaesthetists completing the ques- 
tionnaire were asked also if they were willing to 
provide, in a confidential and anonymous manner, 
brief clinical details of any of the reported cases, 
particularly those relating to prolonged neuro- 
logical complications. Data were requested for the 
5 years, 1982-1986 inclusive. 
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With the exception of basic data such as the 
number of deliveries per year and the number of 
extradurals given for relief of pain in labour and 
for Caesarean section, information was requested 
on: 

(1) Acute hypotension leading to cardiac arrest. 

(2) Acute hypotension requiring urgent and 
vigorous resuscitation. 

(3) Neurological deficit involving the spinal 
nerves or spinal cord and lasting more than 1 
month. 

(4) Other complications. 

Further clinical details were requested from 
several responders. 


RESULTS 


Replies were received from 203 of the 271 
obstetric units contacted. Altogether, these units 
delivered 516000 babies a year and thus rep- 
resented 78 % of the births reported in the annual 
returns from obstetric units to the Royal College 
of Obstetricians and Gynaecologists. 

Annually, 101200 extradurals were given, 
84700 for relief of pain and 16500 for Caesarean 
section. These figures have been approximated, as 
many units gave their data to the nearest 100 or 
10. However, the total number of extradural 
blocks given during the 5-year period exceeded 
half a million (506000). 


TABLE I. Adverse events associated with extradural block 


No. with permanent 


Complication No. effects 

Cardiac arrest 3 1 (brain damage) 

Neuropathy involving spinal 1 1 (paraplegia) 
cord 

Neuropathy involving a single 38 1 (quadriceps 
spinal nerve weakness) 

Extradural abscess 1 P (still improving) 

Extradural haematoma 1  ? (still improving) 

Urinary problems 6 0 

Severe backache 5 0 

Memory loss 1 OC from vasovagal 

faint) 
Dural tap with: 


Prolonged headache 
Cranial nerve palsy 
Subdural haematoma 
Acute toxicity (convulsions) 
High or total spinal 
Anaphylaxis 
Total 
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TABLE II. Other reported adverse events probably not associ- 


ated unth extradural block 
Complication No. Comment 
Quadriplegla 1 Thrombosis of cervical 
haemangioma 10 days 
after delivery 
Hypotension caused by 1 Heart transplant after 
cardiomyopathy delivery 
Extradural abscess 1 Developed in diabetic 11 
months after delivery 
Facial weakness 1 ?Multiple sclerosis 


The complications reported are shown in tables 
I and IT. 

It became obvious that, while hypotension was 
not uncommon, its incidence and severity could 
not be ascertained by this retrospective study. If 
detected early and treated promptly hypotension 
may present little danger to the mother. If 
treatment is delayed, severe problems may arise, 
the most important being cardiac arrest. Three 
instances of cardiac arrest were reported. One was 
caused by acute systemic toxicity (see below). One 
mother suffered irreversible brain damage, and 
her severe hypotension following a “top-up” 
injection was thought to have been caused partly 
by inferior vena caval occlusion. The cause of the 
cardiac arrest in the third patient could not be 
determined from the data available. 

Thirty-eight mothers suffered damage to a 
single spinal nerve or nerve root causing a 
neuropathy of limited duration (2 weeks to 3 
months). This usually caused hypo-aesthesia in 
the skin distribution of the nerve and was 
associated occasionally with muscle weakness. In 
one patient the neuropathy appeared to be 
permanent. Not all nerve damage in labour is 
caused by extradural block, and one case of 
bilateral femoral nerve palsy was reported in a 
patient who did not receive an extradural. 

Two patients developed serious and irreversible 
lesions of the spinal cord. One developed quad- 
riplegia resulting from thrombosis of a congenital 
cervical haemangioma 10 days after delivery and 
any contribution from the extradural block must 
be considered doubtful. The second patient 
became rapidly and permanently paraplegic 12h 
after delivery, having apparently recovered fully 


from the extradural block. The clinical picture - 


was compatible with anterior spinal artery syn- 
drome, but what caused it could not be de- 
termined. 


» 
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COMPLICATIONS OF EXTRADURAL BLOCK 


There were two cases of post-extradural spinal 
r“ cord compression, one resulting from a haem- 
atoma and one from an abscess. Both were 
evacuated surgically. At the time that these 
complications were reported, the patients had 
largely, although not completely, recovered from 
their neurological deficit, and both were said to be 
“still improving”. 

Acute toxicity with convulsions was reported in 
21 mothers. All recovered fully, although tran- 
sient cardiac arrest was thought to have occurred 
in one mother. 

There was one classical allergic reaction with 
rash, hypotension and bronchospasm requiring 
urgent treatment. The local anaesthetic was 
suspected, but not proven, to be the allergen. 

There were eight high or total spinal anaes- 
thetics resulting from inadvertent subarachnoid 
injection of local anaesthetic. All the mothers 
recovered. 

Prolonged and severe headache following ac- 
cidental dural puncture was reported in 16 
mothers. In six others who also had a dural 
puncture, there were neurological sequelae, five 
involving palsy of a cranial nerve (either the 
oculomotor or the abducent) and one with 
bilateral subdural cranial haematomata requiring 
surgical drainage some weeks later. All six patients 
recovered. 

Retention of urine and incontinence which 
were of sufficient severity to be remembered by 
the anaesthetists were reported in six patients. All 
recovered fully. Such cases occur also after vaginal 
delivery without extradural block. 

Backache is a common compliant in the puer- 
perium, but it was severe and long lasting enough 
to be reported in five mothers. 

One mother who developed hypotension and 
bradycardia complained of some memory loss of 
the perinatal period (approximately 5 days). 

Several miscellaneous complications were de- 
scribed, in which it is reasonable to exclude any 
contribution from the extradural block. The 
quadriplegia was mentioned above. One patient 
who had cardiomyopathy became severely hypo- 
tensive after an extradural test dose. She sub- 
sequently received a heart transplant. A diabetic 
patient developed an extradural abscess 11 months 
after her delivery. One mother had left sided facial 
; weakness which was thought to be caused by 
multiple sclerosis. 
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DISCUSSION 


Almost all the complications reported in this 
study are well recognized as adverse events 
associated with extradural block. Fortunately, 
they are also uncommon (if hypotension not 
leading to cardiac arrest is excluded) and occur 
once in every 4000-5000 extradurals. 

The acute problems that can occur during the 
extradural block itself include: 


Hypotenston. Arterial pressure may decrease 
rapidly from several causes, although sympathetic 
block is usually the trigger. By itself, sympathetic 
block is seldom the cause of serious hypotension 
in young healthy women, but, if other factors are 
present which themselves require a degree of 
sympathetic activity to maintain arterial pressure, 
acute decreases can follow [2]. Such factors 
include inferior vena caval occlusion produced in 
the supine posture, haemorrhage or hypo- 
volaemia. Vasovagal fainting may occur also and 
is diagnosed by the marked associated brady- 
cardia. Treatment is rapidly effective and includes 
the use of posture, vasopressors, i.v. fluids and 
atropine. 


Unexpected widespread nerve block. This is 
usually caused by accidental subarachnoid in- 
jection, although subdural injection is possible 
also [3]. A high spinal block may ensue and can 
affect the muscles of ventilation (including the 
diaphragm), If the local anaesthetic drug reaches 
the cranial subarachnoid space, unconsciousness 
may result. Treatment consists of respiratory and 
cardiovascular support and, if diagnosis is ac- 
curate and quick, no permanent damage should 
ensue. The dose of local anaesthetic required to 
cause total spinal block with diaphragmatic par- 
alysis in obstetric practice, need be given only for 
Caesarean section. The smaller doses given for 
pain relief are less likely to cause such problems, 
particularly if 0.5% bupivacaine is avoided for 
the initial injection. However, if given into the 
subarachnoid space, block may be unnecessarily 
high, and total spinal blocks have been reported. 
It is important that the anaesthetist should 
determine the maximum height of block after the 
initial main dose is given. Fortunately, when large 
doses of local anaesthetic are given at Caesarean 
section, the prolonged presence of the anaesthetist 
is ensured. 
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Acute toxicity with convulsions. This also is 
associated in most cases with Caesarean section, 
the local anaesthetic being accidentally injected 
i.v. Again, if the diagnosis is made expeditiously, 
no serious harm should befall the mother. Several 
deaths following cardiac arrest occurred about 10 
years ago in the U.S.A., but this appeared to be 
caused mainly by the i.v. injection of large 
quantities of high concentration (0.75 %) bupiva- 
caine [4]. No such cases have been reported in the 
U.K., where all maternal deaths are reviewed and 
published. However, one transient cardiac arrest 
occurred in the present survey. 


Cardiac arrest. This may occur secondary to 
hypotension or total spinal anaesthesia, or may 
result from acute toxicity. The contribution of 
inferior vena caval occlusion is often important 
and it also poses a major problem during re- 
gsuscitation, which cannot be carried out effectively 
in the supine position. Vasovagal fainting may 
also cause cardiac arrest. Inadequate or delayed 
resuscitation may lead to permanent brain dam- 
age. 


The less acute complications of extradural block 
which may have prolonged or permanent effects 
include: 


Damage to a single spinal nerve. This may occur 
during location of the extradural space or during 
insertion of the extradural catheter [5], and is the 
commonest neurological complication. Paraes- 
thesia with or without motor weakness is the 
presenting symptom and, while the majority of 
patients recover completely, a small number may 
be affected permanently. 


Extradural haematoma or abscess formation. This 
may lead to spinal cord compression, and should 
be suspected if severe backache appears after the 
extradural block wears off, especially if accom- 
panied by hypo-algesia and muscle weakness in 
the lower limbs. Urgent referral to a neurosurgical 
unit is indicated. Signs of extradural abscess are 
usually delayed for several days until the abscess 
has developed, and it may occur in patients who 
have not received an extradural block [6]. 


Paraplegia. In addition to cord compression, 
paraplegia may be caused by adhesive arach- 
noiditis (usually resulting from an accidental in- 
jection of the wrong solution) or from anterior 
spinal artery occlusion [7]. The sudden and 
catastrophic failure of blood supply to the spinal 
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cord is well recognized, but the causes are 


uncertain, including the contribution, if any, of * 


the extradural block. It is of considerable interest 
that quadriplegia was reported in this study, 
because of thrombosis of a congenital cervical 
haemangiona, 10 days after the extradural block. 
In another patient, paraplegia occurred about 
12h after the last extradural injection, and after 
recovery of motor and sensory function. Although 
it is very easy to attribute these disasters to the 
extradural block if they are related closely in time, 
the mechanism is not obvious in many patients. 


Dural puncture. This may cause severe and 
prolonged headache because of leakage of cere- 
brospinal fluid into the extradural space. The 
incidence of dural puncture in obstetric anaes- 
thetic practice 1s about 1% of attempted extra- 
dural blocks. Fortunately, most cases either never 
develop a spinal headache, or they resolve 
spontaneously in a few days. However, if the 
decrease in CSF pressure is excessive, cranial 
nerve palsy can occur (usually the oculomotor or 
abducent nerves are involved, with resulting 
strabismus). Cranial subdural haematoma is a rare 
complication of lumbar puncture [8, 9]. One case 
was reported in this study. The use of an 
extradural injection of autologous blood (a “‘ blood 
patch’’) is highly effective in spinal headaches and 
should be performed sooner rather than later [10, 
11]. If dural puncture is known or suspected to 
have occurred, the patient should be warned to 
report back if the headache occurs after discharge. 
Spinal headache may not appear until the patient 
is fully ambulant at home. 

The use of extradural block in obstetric practice 
is well established. It provides the most effective 
form of analgesia in labour, and allows those 
mothers who wish it to remain conscious at the 
birth of their baby when delivered by Caesarean 
section. In common with almost all medical 
interventions, it is not devoid of risk, although 
vigilance and attention to detail may reduce the 
complication rate further. 

The study reported here indicates the mag- 
nitude and nature of non-fatal complications and 
emphasizes the need for a prospective study. 
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INFLUENCE OF OBESITY ON THE SPREAD OF SPINAL 
ANALGESIA AFTER INJECTION OF PLAIN 0.5% 
BUPIVACAINE AT THE L3-4 OR L45 INTERSPACE 


T. TAIVAINEN, M. TUOMINEN AND P. H. ROSENBERG 


SUMMARY 


Spinal anaesthesia was compared in 40 obese 
patients (increased body mass index (BMI)) and 
40 patients with normal BMI when 3 ml of plain 
0.5% bupivacaine was injected at either the L3-4 
or L4-5 interspace. More extensive cephalad 
spread of sensory block was achieved in patients 
with increased BMI compared with patients with 
normal BMI after injection at both L3-4 and 
L4-5 (P < 0.05). The use of the L3-4 interspace 
instead of L4—5 resulted in a higher mean spread 
of block in patients with both increased (T4 vs 
T8) or normal (T9 vs T11) BMI (P < 0.05). The 
interindividual variability of the blocks was 
relatively small in patients with normal BMI 
injected at L4—5, compared with the three other 
groups (normal BMI injected at L3-4, increased 
BMI injected at L3-4 and L4-5). Good 
anaesthesia was produced in all patients for 
orthopaedic surgery of the lower extremity. In an 
obese patient it is recommended that plain 
bupivacaine be administered at L4—-5 instead of 
L3-—4 when extensive spread of the block is to be 
avoided. 
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Obesity (increased body mass index (BMIJ)) is 
associated with extensive cephalad spread of 
spinal analgesia when plain 0.5% bupivacaine is 
used as an anaesthetic and the vertebral interspace 
used for the injection is L344 [1, 2]. However, 
because of large interindividual variability in 
spread of the block, it has not been possible to use 
this phenomenon to any clinical advantage. 

In patients with normal BMI the spread of 


spinal block with plain 0.5% bupivacaine is more 
predictable—that is, there is less variation when 
the site of injection is L4—5 rather than L2-3 [3] 
or L3-4 [4, 5]. 

We therefore investigated the degree of spread 
of spinal block in obese patients (increased BMI) 
when plain bupivacaine was injected at the L4—-5 
interspace instead of L3—4. 


PATIENTS AND METHODS 


We studied 80 patients (ASA I and II), aged 
20-60 yr, undergoing orthopaedic surgery of the 
lower extremity under spinal anaesthesia. The 
study was approved by the Institutional Ethics 
Committee and informed consent was obtained. 
The study was open, and 40 patients (table I) with 
a body mass index (BMI = weight/(height)*: 
kg m`?) value exceeding 15 % of the normal upper 
range of BMI for Finnish adults [6] were allocated 
randomly to receive spinal anaesthesia via the 
L3—4 (group A) or L45 (group C) spinal 
interspace. BMI, a measure of relative weight, is 
thought to be one of the most accurate indices for 
assessing the proportion of fat tissue in the body 
[7]. To exclude the muscular patient who has 
increased BMI without being obese, we con- 
sidered a patient to be fat if the BMI exceeded 
15% of the normal value, and we did not accept 
athletes. Another 40 patients (table I) with normal 
BMI were allocated randomly to receive spinal 
anaesthesia at the L3—4 (group B) or L4—5 (group 
D) interspace. 

The chosen spinal interspace was always identi- 
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TABLE I. Pattent data. Number of patients and mean values (SD) 


Group A 
Site of injection: L3—-4 
BMI (kg m’): 33.8 (3.3) 
Sex (M/F) 11/9 
Age (yr) 43.0 (7 5) 
Weight (kg) 99.5 (11.4) 
Height (cm) 171.4(7 4) 
Type of surgery (n) 
Thigh 1 
Knee 16 
Ankle or foot 3 
Tibial region — 
Use of tourniquet (n) 19 
Tourniquet time (min) 69.4 (24.4) 
Time frorn injection to 89 0 (36.9) 


end of operation (min) 


fied and agreed upon by two anaesthetists. 
Premedication comprised diazepam 0.15 mg kg 
orally. In the operating theatre, an infusion of 
lactated Ringer’s solution was started and a 
volume of 1.5 ml kg™ was administered before 
injection and 6mlkg™ during the 30 min fol- 
lowing injection of the anaesthetic. Thereafter, 
the infusion rate was approximately 50 ml h-t 
throughout anaesthesia. 

Spinal anaesthesia was performed using a 25- 
gauge spinal needle with the patient in the lateral 
decubitus position. In one patient (BMI 
42.5 kg m~?) the spinal block was performed using 
a long 22-gauge needle. Before injection of the 
anaesthetic, CSF pressure was measured mano- 
metrically. Thereafter, 3 ml of plain 0.5% bupi- 
vacaine (Marcain, Astra, Sweden) at room tem- 
perature (density 1.004 g ml“) was injected in 
15 s, and the patients were turned immediately to 
the supine position. 

Segmental spread of analgesia was studied by 
pinprick (27-gauge needle). Analgesia was defined 
as inability to detect a sharp pinprick. Motor 
nerve block was assessed using a modified 
Bromage scale (0~3) [8]. Assessments were made 
5, 15, 30, 45 and 60 min after injection of the 
anaesthetic by one of the authors. Thereafter, 
assessments were made at 15-30 min intervals 
until recovery of norma! sensation at the L1 spinal 
segment and the motor block. The moment when 
the patient was able to produce a visible con- 
traction in the rectus femoris muscle was taken as 
the time for recovery from motor block. 

ECG was monitored continuously. Arterial 
pressure and heart rate were measured at 5-min 


Group B Group C Group D 
L3-4 L4-5 L4-5 
22.8 (1.7) 34.7 (3.6) 23 5 (1.4) 
15/5 9/11 15/5 
33.3 (8.8) 448(11 9) 35 9 (11.0) 
69.5 (9.1) 101 3 (13.4) 73.8 (11 0) 
173 8 (7.3) 170.9 (9.6) 176 4 (12.5) 
2 = = 
14 17 18 
2 3 2 
2 a oes 
16 20 19 
77.0 (25.4) 65.5 (33.3) 69.6 (17.1) 
99.7 (28.5) 80.3 (34.1) 94.5 (27.0) 


intervals in the operating theatre and at 10-min 
intervals in the recovery room. Decreases in 
systolic arterial pressure of more than 30 % of the 
control value were treated with ephedrine 5 mg 
i.v. Bradycardia (heart rate < 45 beat min~') was 
treated with atropine 0.01 mg kg™! i.v. 

Statistical analysis of the data used regression 
analysis and analysis of variance (ANOVA). If 
statistical differences between the groups were 
found, Scheffe’s F test was used. For comparison 
of standard deviations, Bartlett’s y? test was used. 


RESULTS 


There were no significant differences between 
groups A and C, or between B and D, with regard 
to age, sex, type of surgery, BMI values, tour- 
niquet times and time from injection to end of 
operation (table I). 


Sensory block 


The onset time of cephalad spread of pinprick 
analgesia is presented in figure 1. Administration 
of plain 0.5% bupivacaine in groups A (increased 
BMI, L3—4), B (normal BMI, L3—4), C (increased 
BMI, L4-5), and D (normal BMI, L4—5) pro- 
duced a mean (SD) cephalad spread of analgesia 
60 min after injection to T4 (2.4), T9 (2.5), T8 
(3.2) and T11 (1.9), respectively. In obese patients 
the mean cephalad spread of the block was 
significantly higher than that of patients with 
normal BMI at both levels of injection (P < 0.05). 
Injection at L3— produced a significantly higher 
level of mean cephalad spread of analgesia than 
injection at L4—5 in normal and in obese patients 
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L3-4 


Level of analgesia 
] 
© 
bed 
a 


5 15 30 45 60 
Time after Injection (min) 
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14-5 


ul Ip 
5 16 30 45 60 
Time after Injection (min) 


Fig. 1. Mean (sD) onset of analgesia following intrathecal injection of plain 0.5% bupivacaine 3 ml at the 
L3~4 interspace (groups A (@) and B (C)) or L4-5 interspace (groups C (O) and D (W)). 


Level of analgesia 


Obese 


Normal 








Obese 


Fic. 2. Maximum spread of analgesia in 80 patients with increased or normal body mass index, 60 min 
after the injection of plain 0.5% bupivacaine 3 ml at the L34 or L4-5 interspace. 


(P < 0.05). The change in spread of analgesia 
from 5 to 15, from 15 to 30, and from 30 to 60 min 
was significant (P < 0.05). 

BMI correlated (P < 0.001) with maximal level 
of analgesia both at the L3—4 interspace (groups A 
and B) (r = 0.71) and the L4— interspace (groups 
C and D) (r = 0.6). 

The interindividual variation (figs 1,2) of 
cephalad spread of pinprick analgesia was greater 
on average in groups A, B and C compared with 
group D (L4—5, normal BMI), but the difference 
was statistically significant only at 30 min after the 
injection (P < 0.05). All the blocks were sym- 
metrical: the difference in the spread of pinprick 
analgesia between the two sides of the body was 
never more than two segments. 

In all groups, the block was adequate for 
surgery of the lower extremity. There were no 
statistically significant differences in the need for 
intraoperative sedatives or analgesics between the 
groups. Diazepam 2.5-l0mg was administered 


for sedation to two patients in groups A and B, 
one in group C and three in group D. Tourniquet- 
induced discomfort was treated with fentanyl 
0.05-0.25 mg in no patients in group A, three in 
group B (maximal sensory blocks to T4, T7 and 
L1), two in group C (T5, L1) and four in group D 
(L1, L1, L1 and L2). Pain in the area of surgery 
was treated with fentanyl 0.05-0.lmg in one 
patient in group A (T2), one in group B (T7), two 
in group C (L1, L2), and one in group D (L1). 


Motor block 


Motor block was complete (score 3 on the 
Bromage scale) in 20 patients in group A, 18 in B, 
20 in group C and 17 patients in group D. After 
30 min there were no significant differences in the 
motor block between the four groups. The first 
sign of motor block was inability to flex the ankle 
in one patient in group B and seven patients in 
group D. One patient in group B and three 
patients in group D were not able to flex the ankle, 
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but could raise the leg and flex the knee through- 
out the period of block. 


Recovery 


The differences between the groups in the mean 
(SD) times from injection of bupivacaine to 
recovery of normal sensation of the L1 segment 
(A = 176 (38) min, B = 164 (58) min, C = 167 
(33) min, D = 153 (49) min) and to start of motor 
recovery (A = 177 (43) min, B = 165 (52) min, 
C = 162 (41) min, D = 161 (38) min) were not 
significantly different. 


CSF pressure 


The mean (sp) CSF pressures were 17.5 
(6.3)cm HO, 15.4 (6.1)cmH,O, 19.0 (5.8) 
cm H,O and 14.5 (4.5)cm H,O in groups A, B, 
C and D, respectively. There was a tendency to 
greater CSF pressure in patients with increased 
BMI compared with patients with normal BMI 
(P = 0.05). There was no correlation between 
CSF pressure and height of the block. 


Other effects 


Ephedrine was administered for hypotension in 
one patient (three doses) (maximum sensory block 
T4) in group A, one patient in group B (maximum 
sensory block T11) and one patient in group C 
(maximum sensory block T7). 

One patient (male, 28 yr) in group C developed 
postdural puncture headache, which was treated 
successfully with an extradural blood patch on the 
5th day after operation. 


DISCUSSION 


In the present study a more extensive spread of 
block was achieved in patients with increased 
BMI compared with patients with normal BMI 
after injection both at L34 and at L4—5 inter- 
spaces. The use of the L3— interspace instead of 
L4—5 resulted in a higher spread of the block in 
patients with increased or normal BMI. The 
correlation found between BMI and cephalad 
spread of analgesia has been demonstrated pre- 
viously [1, 2]. 

The relatively small variation in cephalad 
spread of spinal analgesia found in group D 
(normal BMI, L4-5) was demonstrated also in 
our previous study, where spinal anaesthesia was 
performed at L4~-5 or L2-3 in patients with 
normal BMI [3]. The observation that the mean 
maximal spread of analgesia in the obese patients 
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was lower when the injection was made at L4-5 
(T8 vs T4) may not be clinically important, 
because the individual variability remained quite 
large (L2-1T4). Thus obesity may or may not 
enhance the distribution of the injected local 
anaesthetic in a cephalad direction. The position 
of the needle tip in relation to the lordotic curve 
may vary from patient to patient. This cannot be 
standardized and therefore, when the patient is 
lying in the horizontal position, a small volume of 
the slightly hypobaric bupivacaine solution (bari- 
city 0.9990 at 37°C) in some instances may 
remain in the lower part of the dural sac long 
enough to block only the lower lumbar and sacral 
nerve roots. Ten patients (seven in group C, three 
in group D) had maximal cephalad sensory block 
to only L1 or L2. Most of these patients 
complained of tourniquet discomfort, which was 
treated with small doses of fentanyl. 

In four patients, the only sign of motor block 
was inability to flex the ankle (innervation 
L4-L5), which paradoxically would indicate a 
score of 0 on Bromage’s scale. Flexion of the hip 
(innervation L1-L3) and extension of the knee 
(innervation L3-—L4) were intact in these patients. 
When a lower lumbar interspace, for example 
L4—L5, is used for injection of plain bupivacaine 
(slightly hypobaric solution at 37°C) and the 
patient is kept supine, the greatest local an- 
aesthetic concentration is found initially below 
the injected level. This may explain why motor 
block of the ankle occurred earlier in some 
patients, and was more intense than motor block 
of the thigh, for example. 

A high thoracic sensory block has been 
associated usually with more or less total block of 
the sympathetic nervous system [9]. However, 
none of the patients developed bradycardia and 
only three patients needed a vasopressor for 
hypotension. This is in accordance with other 
studies [4,10] in which decreases in arterial 
pressure have been moderate. It is possible that, 
with bupivacaine spinal anaesthesia, cephalad 
spread of sympathetic block may not always 
exceed that of sensory block [11]. 

The mechanism for the higher spread of 
analgesia in obese patients may be compression of 
the inferior vena cava caused by the weight of the 
abdominal mass, which results in congestion of 
the extradural veins [12]. Thus the volume of the 
spinal canal is reduced, augmenting the initial 
distribution of the anaesthetic in CSF [1, 13]. The 
external compression may explain why the CSF 
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pressure was generally somewhat greater in the 
obese patients than in the control patients. The 
amount of extradural fat surrounding and possibly 
compressing the dural sac is also an unpredictable 
factor as regards spread of local anaesthetics in the 
CSF. Recent endoscopic observations suggest 
that there is no apparent relationship between the 
amounts of extradural and subcutaneous fat [14]. 


In conclusion, the injection of plain 0.5% 
bupivacaine 3 ml at the L3—4 or L4— interspace 
produced good anaesthesia for orthopaedic sur- 
gery of the lower extremity. In obese patients, 
administration of plain bupivacaine at L4—5 
instead of L3—4 would decrease the likelihood of 
extensive spread. 


ACKNOWLEDGEMENTS 


The study was supported by a grant from the Sigrid Juselius 
Foundation (P.H.R.), Finland. We are grateful to Markku 
Nurminen, PH.D., for help with statistical analyses. 


REFERENCES 


1. McCulloch WJD, Littlewood DG. Influence of obesity on 
spinal analgesia with isobaric 05% bupivacaine. British 
Journal of Anaesthesia 1986; 58: 610-614. 

2. Pitkanen MT. Body mass and spread of spinal anesthesia 
with bupivacaine. Anestherna and Analgesia 1987; 66: 
127-131. 

3. Tuominen M, Taivainen T, Rosenberg PH. Spread of 
spinal anaesthesia with plain 0.5% bupivacaine: influence 
of the vertebral interspace used for injection. British 
Journal of Anaesthesia 1989; 62: 358-361. 


10. 


Il. 


12. 


13. 


BRITISH JOURNAL OF ANAESTHESIA 


. Logan MR, McLure JH, Wildsmith JAW. Plain bupi- 


vacaine: an unpredictable spinal anaesthetic agent. British 
Journal of Anaesthesia 1986; 58: 292-296. 


. Pitkänen M, Haapaniemi L, Tuominen M, Rosenberg 


PH. Influence of age on spinal anaesthesia with isobaric 
0.5% bupivacaine. Brittsh Journal of Anaesthesta 1984; 
56: 279-284. 


. Helidvaara M, Aromaa A. Height, Weight and Obesity of 


Finnish Adults. Helsinki: Publications of the Social 
Insurance Institution, Finland, ML: 19, 1980; 91-92. 


. Keys, A, Fidanza F, Karvonen MJ, Kimura N, Taylor 


HL. Indices of relative weight and obesity. Fournal of 
Chromic Diseases 1972; 25: 329-343. 


. Bromage PR. A comparison of the hydrochloride and 


carbon dioxide salts of lidocaine and prilocaine in epidural 
analgesia. Acta Anaesthenologica Scandinavica 1965; 
(Suppl. XVI): 55-69. 


. Greene NM. Physiology of Spinal Anesthesia, 3rd Edn. 


Baltimore: Williams & Wilkins, 1981; 26-31. 

Sheskey MC, Rocco AG, Bizzarri-Schmid M, Francis 
DM, Edstrom H, Covino BG. A dose-response study of 
bupivacaine for spinal anesthesia. Anesthesta and Analgesia 
1983; 62: 931-935. 

Lofstrom JB, Malmqvist L-Å, Bengtson M. Can the 
““sympathogalvanic reflex” (skin conductance response) 
be used to evaluate the height of sympathetic block in 
spinal analgesia? Acta Anaesthesiologica Scandinavica 
1984; 28: 578-582. 

Robinson LS. The collateral circulation following ligation 
of the inferior vena cava. Surgery 1949; 25: 329. 

Barclay DL, Renegar OJ, Nelson EW. The influence of 
IVC compression on the level of spinal anesthesia. 
American Journal of Obstetrics and Gynecology 1968; 101: 
792-800. 


. Blomberg R. The dorsomedian connective tissue band in 


the lumbar epidural space of humans: an anatomical study 
using epiduroscopy in autopsy cases. Anesthesia and 
Analgesia 1986; 65: 747-752. 


British Journal of Anaesthesia 1990; 64: 547-550 


ANALGESIC EFFICACY AND CSF PHARMACOKINETICS OF 
INTRATHECAL MORPHINE-6-GLUCURONIDE: 
COMPARISON WITH MORPHINE 


M. H. HANNA, S. J. PEAT, M. WOODHAM, A. KNIBB AND C. FUNG 


SUMMARY 


The analgesic efficacy and CSF pharmaco- 
kinetics of intrathecal morphine sulphate and 
morphine-6-glucuronide (M6G) were compared 
in a single-blind crossover study. Lumbar intra- 
thecal catheters were sited in three patients with 
chronic cancer pain, and morphine sulphate 
500 ug or MEG 500 ug given via the catheter on 
separate days. CSF was sampled for 24h fol- 
lowing drug administration and analysed for 
morphine and M6G by high pressure liquid 
chromatography. The mean (SD) requirement for 
patient controlled analgesia with pethidine was 
393.3 (227.4) mg/24h during the morphine 
limb of the trial and 226.7 (113.6) mg/24h 
during the M6G limb. M6G was not detected in 
CSF following administration of morphine. 
Fitting of CSF concentrations to triexponential 
curves revealed mean (SD) alpha, beta and 
gamma half-lives of 13.2 (7.4), 54.9 (31.5) and 
222.5 (100) min for morphine and 11.2 (2.4), 
67.3 (49.9) and 619.3 (629.7) min for M6G. 


KEY WORDS 


Analgesics. intrathecal morphine, morphine-6-glucuronide. 
Pharmacokinetics: cerebrospinal fluid 


Morphine is metabolized rapidly to morphine-3- 
glucuronide (M3G) and morphine-6-glucuronide 
(M6G) following oral [1,2] and parenteral [2, 3] 
administration to man. The major metabolite, 
M3G, has little biological activity and binds 
poorly to opioid receptors [4-6]. However, in 
rodents, the analgesic potency, duration of action 
and LD,,:ED,, ratio of M6G exceed those of 
the parent compound [4,5]. This has been 
attributed to preservation of high affinity mu 
binding, and to a possible increase in delta affinity, 


which occur on substitution of morphine at the 6 
position [4, 6]. 

From calculations based on M6G:morphine 
potency ratios in rodents, and M6G con- 
centrations attained following administration of 
morphine to man, it has been inferred that the 
majority of the analgesic activity of morphine is 
derived from M6G [2, 7, 8]. The efficacy of M6G 
has been investigated in an open study of six 
cancer patients given M6G up to | mg/70 kg i.v., 
the results of which suggested that analgesia 
began within 15 min and lasted for up to 7 h [8]. 
Indirect estimates of the M6G:morphine potency 
ratio in patients taking oral morphine range from 
2.5:1 following a single morphine dose to 10:1 
during chronic use [9]. 

Rapid glucuronidation of systemically admini- 
stered morphine makes direct comparison of the 
efficacy of M6G with that of the parent drug 
difficult. Although human spinal cord may 
catalyse morphine metabolism [10], M3G [11] 
and M6G [present study] have not been detected 
in human CSF following intrathecal administra- 
tion of morphine. Use of this model therefore 
allows a more exact estimation of M6G:morphine 
potency ratios. 

The present study compared the analgesic 
efficacy and CSF pharmacokinetics of M6G and 
morphine following intrathecal administration. 


PATIENTS AND METHODS 


Three male patients (table I) with chronic cancer 
pain gave written informed consent to the study, 
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TABLE I. Details of patients studied 
Patient Age Weight Pathology and Pretrial morphine 
No. (yr) (kg) site of pain (mg/24 h) 
I 52 65 Carcinoma of stomach 60 
(epigastric) 
2 75 70 Carcinoma of colon 100 
(perineum) 
3 51 65 Myeloma 500 
(low thorax) 
which received hospital Ethics Committee ap- RESULTS 


proval. Renal and hepatic function was within the 
normal range and morphine (MST, Napp Lab- 
oratories) consumption constant for at least 1 
week before commencement of the study. 

Using a strict aseptic technique, intrathecal 
catheters were inserted at L34 via 16-gauge 
Tuohy needles and threaded 4cm cephalad. 
Morphine was discontinued and -analgesia pro- 
vided using i.v. pethidine for 24h before 
intrathecal drug administration, and throughout 
the subsequent 2 days of the study. Pethidine was 
delivered using a patient controlled analgesia 
system (Abbott Lifecare PCA/Infuser 4200), 
allowing on demand delivery of up to 240 mg h7!. 
Each patient received morphine sulphate and 
Mé6G (Ultrafine Chemicals) at similar times on 
separate days according to a single-blind crossover 
design. Two patients received M6G followed by 
morphine, and one morphine followed by M6G. 
A dose of 500 ug was used for each drug—a 
molar morphine:M6G ratio of 1:0.77. Drugs 
were given via the intrathecal catheter, diluted in 
isotonic saline 1 ml and flushed in with 1 ml of 
CSF. CSF samples (0.5 ml) were taken before and 
10, 20, 45, 60, 90, 120, 180, 240, 300, 360, 480, 
600, 720, 900, 1080, 1260 and 1440 min (24h) 
after administration. Samples were taken using 
aseptic technique during which 1 ml of CSF was 
aspirated to clear the deadspace, the sample 
withdrawn and the initial aspirate flushed back. 
CSF was stored at —20 °C in siliconized glass 
tubes until assayed for morphine and M6G by 
HPLC [12]. 

Assessments of arterial pressure, heart rate, 
ventilatory frequency, degree of sedation and 
presence of pain were made at each sampling time. 
Verbal rating scales were used to assess pain as 
absent, mild, moderate or severe and sedation as 
unrousable, rousable, drowsy or alert. 


No clinically significant changes in arterial press- 
ure, heart rate, ventilatory frequency or conscious 
level occurred following administration of mor- 
phine or M6G. All patients rated their pain as 
absent or mild at all assessment times, and none 
reported itching or urinary retention. 

Morphine and M6G were not detected in 
samples taken before the first intrathecal injection. 
CSF concentrations of M6G did not increase 
following intrathecal morphine administration, 
and CSF concentrations of morphine did not 
increase following intrathecal administration of 
MO6G. The data for each patient were fitted to 
triexponential curves, yielding mean (sp) alpha, 
beta and gamma half-lives, respectively, of 
13.2 (7.4), 54.9 (31.5) and 222.5 (100) min for 
morphine and 11.2 (2.4), 67.3 (49.9) and 619.3 
(629.7) min for M6G (fig. 1). 

The mean M6G:morphine potency ratio cal- 
culated from cumulative pethidine requirements 
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Fic. 1. Semilogarithmic plots of CSF mean concentrations of 

morphine sulphate and M6G in three patients given intra- 

thecal morphine sulphate 500 pg (©) and intrathecal M6G 
500 ug (W) on separate days. 
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TABLE II. Cumulative pethidine requirements by PCA (mg) for 24h after mtrathecal administration of 


morphine and M6G 
Time after intrathecal administration 
h) 
Patient Drug 6 12 18 24 
l M6G 80 200 240 320 
Morphine 60 220 340 460 
Morphine: M6G 0.8:1 Lisl 1.4:1 1.4:1 
2 M6G 20 120 180 260 
Morphine 120 300 500 580 
Morphine: M6G 6:1 2.5:1 2.8:1 22:1 
3 M6G 40 60 60 100 
Morphine 40 140 140 140 
Morphine: M6G 1:1 23:1 2.3: 1 1.4:1 
Mean (sp) Morphine: M6G 2.6 (2.9) 1.9(0.6) 2.2 (0.6) 1.7 (0.4) 


(mg) for each of the two study days was close to 
2:1 (table II), and the molar M6G:morphine 
potency ratio was approximately 2.6:1. 


DISCUSSION 


The potent analgesic activity of M6G [4, 5], and 
its ability to cross the blood—brain barrier without 
prior hydrolysis [5,13], is well established in 
rodents. Both locally and systemically adminis- 
tered M6G suppress C-fibre-evoked responses in 
dorsal horn cells of rat spinal cord, confirming the 
presence of a spinal site of action for M6G in this 
model. In these studies, the molar 
M6G:morphine potency ratio was approximately 
13:1, and suppression of evoked responses ap- 
peared to be mediated exclusively via mu 
receptors [7]. 

The results of the present investigation suggest 
that intrathecal M6G has greater analgesic po- 
tency than morphine in a controlled clinical 
setting. However, the M6G:morphine potency 
ratio in rodents was greater than that reported 
here. This finding may be explained by the 
chronic exposure of our patients to opioids before 
the trial, methodological differences, differing 
receptor populations or the functional significance 
of receptor subtypes in the two species [14], and 
by the high polarity of M6G hindering pen- 
etration of neural tissue. 

The CSF pharmacokinetic profiles of morphine 
and M6G demonstrate that M6G persists for 
longer in lumbar CSF than does morphine. This 
is in agreement with previous studies which have 
shown that opioids with low lipophilicity tend to 


persist in CSF and neural tissue [15, 16]. Fur- 
thermore, there is an inverse correlation between 
potency and lipophilicity for opioids applied 
directly to rat spinal cord [7, 17]. 

M6G has been detected in human CSF within 
140 min of oral and parenteral administration of 
morphine [2]. The absence of M6G formation in 
CSF following intrathecal administration of mor- 
phine presented here confirms that its appearance 
in CSF following systemic administration of 
morphine occurs secondary to morphine meta- 
bolism at sites outside the CNS. A variable 
proportion of morphine entering the spinal cord 
may undergo metabolism to M6G within it [11], 
but as only 3.8% of intrathecally administered 
morphine enters the cord [18] this is unlikely 
greatly to affect CSF concentration of M6G. 


In conclusion, these results indicate that 
intrathecal M6G has analgesic activity exceeding 
that of intrathecal morphine in man. The entry of 
M6G into CSF may make a significant con- 
tribution to the analgesic efficacy and duration of 
action of systemically administered morphine. 
The greater analgesic potency, and persistence of 
M6G in lumbar CSF indicates that it deserves 
further investigation for use as an intrathecal 
analgesic in situations in which prolonged dur- 
ation of action is required. 
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ANALGESIC EFFICACY OF PERIOPERATIVE BUCCAL 


MORPHINE 


A. R. MANARA, A. R. BODENHAM AND G. R. PARK 


SUMMARY 
We have studied the effect of regular 
perioperative administration of buccal 


morphine sulphate on postoperative analgesic 
consumption in female patients undergoing 
lower abdominal surgical procedures. Ten 
matched pairs of women were allocated 
randomly to receive either placebo or buccal 
morphine before operation and at 12-h intervals 
up to 44h after operation. Pain was assessed 
using a visual analogue scale and taste assessed 
using evaluation forms. Postoperative analgesic 
requirements were compared using a patient- 
controlled analgesia system which was set to 
deliver bolus doses of pethidine without a 
background infusion. There was no significant 
difference in pain scores between the two 
groups. Compared with placebo, buccal 
morphine did not reduce significantly post- 
operative pethidine consumption. All patients 
receiving buccal morphine reported a taste which 
reduced its acceptability. 


KEY WORDS 


Analgesia: postoperative. Analgesics: buccal morphine, 
pethidine 


Morphine sulphate is an effective analgesic when 
given by the parenteral or oral route [1]. The 
presence of postoperative ileus and the extensive 
first pass metabolism of morphine by the gut 
mucosa and the liver [2] limit the use of oral 
morphine following surgery. Difficulties in the 
administration of parenteral opioids result fre- 
quently in inadequate postoperative analgesia [3]. 
Administration of morphine using the buccal 
route may overcome these problems. Buccal 
morphine has been shown to be effective in 
relieving pain after elective orthopaedic surgery 


[4], in spite of conflicting reports on the 
pharmacokinetics [4-6]. 

Placebo-controlled studies of postoperative 
pain pose ethical difficulties which may be 
overcome by using a patient-controlled analgesia 
system (PCAS). This ensures adequate 
postoperative analgesia for all patients, while 
allowing comparison of the amount of analgesia 
demanded after operation by patients receiving an 
active preparation and those receiving placebo. 

We have compared the effect of regular 
administration of a controlled release formulation 
of buccal morphine, based on hydrophilic 
polymers (Napp Laboratories Ltd) [5], with an 
identical placebo containing no morphine, by 
assessment of postoperative pethidine consump- 
tion delivered by a PCAS. As a previous study [5] 
indicated that the taste of this formulation may 
influence its acceptability to patients, we 
compared also the tastes of active and placebo 
tablets. 


PATIENTS AND METHODS 


We studied 20 ASA grade I or II [7] female 
patients undergoing gynaecological surgery via a 
Pfannensteil incision. All gave written, informed 
consent to participate in the study, which was 
approved by the local Hospital Ethics Committee. 
The patients were allocated to two groups (A and 
B) to give 10 pairs matched for age and weight: 
patients were recruited into group A unless they 
matched a previously recruited patient, when they 
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TABLE I. The taste evaluation form 


L a e 


Please circle the appropriate descriptions 
Is the main taste: 





(a) Sweet: Non existent weak mild moderate strong 
unbearable nasty acceptable pleasant 

(b) Sour: Non existent weak muld moderate strong 
unbearable nasty acceptable pleasant 

(c) Salty: Non existent weak mild moderate strong 
unbearable nasty acceptable pleasant 

(d) Bitter: Non existent weak mild moderate strong 
unbearable nasty acceptable pleasant 

(e) Refreshing: Non existent weak mild moderate strong 
unbearable nasty gcceptable pleasant 

(f) Sickly: Non existent weak ild moderate strong 
unbearable nasty acceptable pleasant 

(g) Metallic: Non existent weak mild moderate strong 
unbearable nasty acceptable pleasant 

(h) Other 

(description) | vs svincsvssivissicicvnncnsvsesdevensneivenineves saad id A E E ET 

were recruited into group B. The treatment for lachrymation, heart rate greater than 100 


patients in group A (active or placebo) was 
allocated in a double-blind fashion using a random 
allocation schedule previously determined. 
Matching patients in group B received the 
appropriate alternative treatment. 

All patients were visited before surgery to 
provide familiarization with visual analogue scales 
and the PCAS (Graseby Medical, Watford, 
Herts). Patients in the active group received a 
30-mg buccal morphine sulphate tablet 2 h before 
the scheduled start of surgery, followed by a 
placebo i.m. injection 1 h before operation. After 
operation these patients received a 30-mg buccal 
morphine tablet at 8, 20, 32 and 44h following 
completion of surgery. Matched patients (placebo 
group) received a placebo buccal tablet 2 h before 
operation followed by pethidine 1 mg kg™ i.m. 
lh before operation. After operation they 
received placebo buccal morphine tablets at the 
same time intervals as patients in the active group. 
The buccal tablet (active or placebo) was placed 
against the buccal mucosa in the upper vestibule 
adjacent to the canine tooth and retained until 
administration of the next dose. 

All patients received a standard general 
anaesthetic, which was induced with thiopentone 
3-5 mg kg? and maintained with nitrous oxide 
and isoflurane in oxygen (Fio, 0.3). Alcuronium 
was used to provide neuromuscular block and 
yentilation was controlled according to the 
Radford Nomogram [8]. Requirement for 
analgesia during the operation was assessed 
acsording to autonomic changes (sweating, 


beat min™t or an increase in systolic arterial press- 
ure of 15 mm Hg above baseline value) and 
provided by incremental i.v. bolus doses of 
fentanyl 25 pg. At the end of surgery, residual 
neuromuscular block was antagonized with neo- 
stigmine 2.5 mg and atropine 1.2 mg. 

Both groups received postoperative analgesia 
with bolus i.v. doses of pethidine via a PCAS 
through an i.v. cannula separate from that used 
for i.v. fluids. Pethidine was diluted in 0.9% 
saline to form a 10-mg ml“ solution. The PCAS 
was set to deliver a bolus of pethidine 15 mg with 
a lockout time of 9 min. The PCAS was interfaced 
with a Hewlett-Packard type 82162A thermal 
printer to record the times of successful and 
unsuccessful demands. 

Patients completed a 100-mm linear visual 
analogue scale (VAS) [9, 10] for pain and nausea 
immediately before taking the buccal tablets, on 
arrival in the anaesthetic room and at 1, 2, 3, 4, 8, 
24, 36 and 48h after surgery. The two ends of 
each line were defined as no pain and worst ever 
pain for the pain scale and no nausea and vomiting 
for the nausea scale. Pupil size was assessed at the 
same time by comparison with a pupil chart 
(1-8 mm). Sleeping patients were not disturbed 
after operation. Taste evaluation forms (table I) 
were completed on arrival in the anaesthetic room 
and 48 h after operation. 

Student’s unpaired ¢ test was used to compare 
patient data and consumption of pethidine. Pain 
scores were analysed using the Wilcoxon rank 
sum test. Statistical significance was defined as 
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P < 0.05. Analysis of variance in pethidine con- 
sumption in the first 8 h after operation indicated 
that, based on 20 patients, the study would have a 
power of 75% to detect a difference (at the 5% 
level) of 50 mg in pethidine consumption between 
the two groups. 


RESULTS 


There was no significant difference in age or 
weight of the patients between the groups (table 
IT) and intraoperative requirements for fentanyl 
also were similar for both groups (median 50 ug, 
range 0-100 ug) (table II). 

Pethidine consumption was not significantly 
different between the groups in the first 8 h after 
operation or in the remaining 12-h periods (fig. 1). 
There was no difference between the groups in 
the cumulative consumption of pethidine at these 
time intervals (fig. 1). 

‘There was no significant difference in pain 
scores between the groups at 18, 36 and 48 h. Few 
patients completed the VAS in the first 4h after 
operation and the results for this period were not 
analysed (table III). Three patients in the active 
group and one in the placebo group vomited, but 
there was no significant difference in nausea score 
between the two groups. The baseline modal 
pupil size was 4mm in both groups and varied 
+1 mm from baseline in all patients throughout 
the study. 

All patients receiving the active buccal mor- 
phine preparation reported a taste from their 
tablet. Eight described the taste as moderately or 
strongly bitter; the remaining two patients in the 
group described the taste as metallic and sour. 


TABLE II. Patient (mean (SD)) and operative data 


Active Placebo 
group group 
Age (yr) 43.5 (8.26) 42.2 (8 38) 
Weight (kg) 67.6 (12 1) 62.6 (17.08) 
Operative procedure 
Hysterectomy 7 8 
Colposuspension 3 0 
Ovarian cystectomy 0 2 
Intraoperative requirement 
for fentanyl (ug) 
0 3 3 
25 0 l 
50 4 2 
75 2 2 
100 1 2 
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Fic. 1. Mean (sb) consumption and cumulative consumpnon 

of pethidine at the postoperative time intervals shown. No 

significant differences. []} = Active group; = placebo 
group. 


TABLE III. Median (range) pam scores (mm) at the 


postoperative times indicated. n = Number of patients 
completing the VAS at the ume 
Time 
after op. (h) Active group Placebo group 
l 65 (54-71) 56 (51—69) 
(n = 3) (n = 3) 
2 40 (34-50) 63 (55-75) 
(n = 5) (n = 3) 
3 20 (11-56) 81 (33-86) 
(n = 5) (n = 4) 
4 24 (0-66) 45 (27-85) 
(n = 6) (n = 4) 
18 22 (0-61) 37 (16-58) 
(n = 10) (n = 9) 
24 25 (0-57) 22 (13-41) 
(n = 10) (n = 9) 
48 11 (0-25) 18 (0-23) 
(n = 10) (n = 7) 
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One patient removed a tablet at 5 h because of the 
bitter taste; a further patient retained the tablets 
only for the purpose of the study. Only two 
patients reported a taste from the placebo tablet: 
one reported a moderate, nasty sickly taste and a 
second patient reported a mild, acceptable bitter 
taste. In both groups the tablets stayed in place or 
moved about only slightly in 18 patients. The 
other two patients reported marked movement of 
the tablet. 


DISCUSSION 


The buccal route may be used to administer drugs 
which, but for too rapid absorption, would be 
suitable for sublingual administration [11]. 
Advantages of the buccal route include avoidance 
of first pass metabolism, ability to terminate 
absorption if necessary and convenience of 
administration [12]. Buccal morphine has been 
reported to have a greater bioavailability than i.m. 
morphine [4, 13]. If this is so, buccal preparations 
might be expected to make a greater contribution 
to peri- and postoperative analgesia than i.m. 
morphine [14]. The present study has shown that 
the buccal morphine preparation did not result in 
reduction in opioid consumption in either the 
perioperative or postoperative periods when 
compared with placebo. Patients in the active and 
placebo groups demanded similar amounts of 
pethidine to achieve a similar VAS for pain. This 
buccal preparation is unlikely, therefore, to be 
useful clinically in reducing requirements for 
alternative postoperative analgesia. 

‘These findings are in contrast with those of Bell 
and colleagues [4], who showed that buccal 
morphine was effective in relieving pain (as 
assessed by VAS) after elective orthopaedic 
surgery. However, reservations have been 
expressed on the use of VAS in clinical situations 
[15], when the drug itself may impair the ability of 
subjects to assess an effect. Objective measures, 
such as opioid consumption by PCA, may be 
more sensitive. The differing results of the two 
studies may refiect the difference in pain after 
abdominal compared with peripheral orthopaedic 
surgery. Alternatively, the different formulations 
of buccal morphine used may have different 
efficacy, possibly because of differing pharmaco- 
kinetics [4, 5]. 

A recent communication has suggested that the 
use of a concurrent i.v. infusion of opioid with 
PCA does not reduce the dose of self-administered 
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analgesic compared with PCA without a con- 
current infusion [16]. Marshall and colleagues 
[17] found also that, after abdominal surgery, 
patients receiving a low dose i.v. infusion of 
morphine required as much supplementary mor- 
phine as those receiving a placebo infusion. 
However, the latter study was criticized for using 
a continuous infusion of morphine in insufficient 
dosage, -csulting in inadequate analgesia and 
increased side effects [18, 19]. The use of a low 
dose background infusion of opioid, whether 
administered i.v. or via the buccal route, may 
result similarly in inadequate analgesia and not 
reduce the demands on a PCAS. This would 
explain the findings in the present study and those 
reported by Owen and colleagues [16]. 

All the patients studied were satisfied with their 
postoperative analgesia, confirming the value of 
patient controlled analgesia. It is recognized that 
patients using PCA demand less analgesic than 
the maximum permissible and appear satisfied, 
despite a significant amount of pain still present, 
characteristically between 25-35% on a linear 
analogue scale. The reason for this may be 
pharmacological or psychological [20]. This fea- 
ture is illustrated in the 18—48 h pain scores in the 
present study. 

Although we were concerned initially about 
inhalation of the buccal tablet by patients with 
depressed airway reflexes, it was not necessary to 
remove the tablet in any patient and none was 
swallowed. However, the complaints of a bitter, 
metallic, or salty taste by all patients was a 
significant problem; some patients volunteered 
that they would never take the preparation again. 
This problem has been noted previously [5, 14, 
21] and supports the concept that most of the 
morphine dissolves in saliva and is swallowed, 
rather than being absorbed across the buccal 
mucosa [5]. The difference in taste between the 
active tablet and placebo may affect the blindness 
of future studies unless the placebo is formulated 
also to taste bitter. The problem of patient 
acceptability, reports of low plasma concentra- 
tions of morphine [5] and low systemic bio- 
availability of the buccal preparation ([6, 22] 
suggest that this route of administration of 
morphine has no clinical role at present. 
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EXTRADURAL ADMINISTRATION OF BUPIVACAINE: 
PHARMACOKINETICS AND METABOLISM IN PREGNANT 
AND NON-PREGNANT WOMEN 


K. PIHLAJAMAKI, J. KANTO, R. LINDBERG, M. KARANKO AND 


P. KITLHOLMA 


SUMMARY 


We found a similar time (about 0.4h) to 
maximum serum concentration after extradural 
administration of bupivacaine 1.78 (SD 0.27) 
mg kg" to six pregnant patients at term, 1.58 
(0.13) mg kg” to six women younger than 65 yr 
and 1.50 mg kg“ to six women older than 65 yr. 
There were no significant differences in terminal 
half-life. No unconjugated 4'-hydroxy-bupiva- 
caine was detected in the serum and urine of 
pregnant patients, in contrast with the other 
groups. The pregnant patients had significantly 
greater serum concentrations of the N-dealkyla- 
ted metabolite, N-desbuty!-bupivacaine (DBB), 
than the non-pregnant groups. [n contrast with 
4’-hydroxy-bupivacaine, no conjugated forms of 
bupivacaine and desbutyl-bupivacaine were 
detected in urine. The mean total urinary exc- 
retion of bupivacaine and its metabolites and 
their conjugates varied between 2.46 and 3.22% 
of the total dose administered in the three patient 
groups, indicating that both -hydroxylation 
and N-dealkylation are minor metabolic path- 
ways in man. 


KEY WORDS 


Anaesthetics local bupivacaine Anaesthetic techniques. 
extradural. Metabolites: bupivacaine, urine. 


Despite the popularity of bupivacaine for different 
local anaesthetic procedures, its metabolic 
pathways have not been elucidated fully. Four 
metabolic processes have been proposed : aromatic 
hydroxylation, N-dealkylation, amide hydrolysis 
and conjugation [1, 2]. In an early study, after i.v. 
injection of bupivacaine 43.4 mg, a mean of 6% 
was excreted unchanged in acidified urine, while 


the N-dealkylated metabolite, N-desbutyl- 
bupivacaine, comprised about 5 % of the dose [3]. 
N-desbutyl-bupivacaine was given i.v. to healthy 
volunteers and it was found that as much as 46% 
was excreted unchanged in urine [3]. This 
suggested that amide hydrolysis is impaired 
greatly in the metabolism of bupivacaine, in 
contrast with lignocaine [4,5], apparently be- 
cause of steric hindrance [6]. In later qualitative 
studies following continuous extradural anaes- 
thesia, six metabolites were identified, namely 
N-desbutyl-bupivacaine, N-butyl-pipecolyl-2- 
amide, monohydroxylated isomers on the pip- 
eridine ring and 4’-hydroxy-bupivacaine. How- 
ever, no quantitation of these products was 
performed [7]. 

Only the N-desbutylated metabolite of 
bupivacaine has been determined in blood or 
urine following extradural [8,9] or spinal [10] 
anaesthesia. Recently, we have developed a 
technique for simultaneous determination of 
bupivacaine, N-desbutyl-bupivacaine (DBB) 
and 4’-hydroxy-bupivacaine (4-OH-~-B) in bio- 
logical fluids [11]. 

We have examined the concentrations of these 
agents in serum and urine and also their con- 
jugation products in urine in pregnant and non- 
pregnant patients, in order to clarify further the 
metabolism and excretion of bupivacaine. 
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EXTRADURAL BUPIVACAINE AND METABOLITES 


PATIENTS AND METHODS 


Group 1 comprised six healthy patients with an 
uncomplicated pregnancy at term and receiving 
no medication (age 23-35 yr, mean 27.0 yr; weight 
60-85 kg, mean 71.3 kg; height 156-168 cm, mean 
162.1cm). They were undergoing Caesarean 
section under extradural analgesia performed 
with plain bupivacaine 1.78 (sp 0.27) mg kg™!. No 
premedication was given. Half of the dose was 
injected through a Tuohy needle inserted at the 
L2-3 space and the other half 10 min later, 
through an extradural catheter. Before induction 
of extradural analgesia, Ringer’s lactate 1000 ml 
was infused i.v., followed by another 1000 ml 
before and during the operation. Despite this, in 
two cases systolic arterial pressure decreased to 
less than 90 mm Hg and a single dose of ephedrine 
3 mg i.v. was given. After operation, 500-1000 mi 
of normal saline was given. After the baby was 
delivered, the patients received either diazepam 
5 mg (n = 2) or fentanyl 50-100 pg and droperidol 
1.25-2.5 mg (n = 4). Oxycodone 10 mg i.m. was 
given for postoperative analgesia. Serum concen- 
trations of bupivacaine and metabolites were 
measured for 24h after administration, but uri- 
nary excretion could be determined for only 12 h, 
as there was no subsequent clinical indication for 
the use of an indwelling urinary catheter. 

In group 2, six healthy female patients less than 
65 yr (range 38-60 yr, mean 47.5 yr; weight 
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60—92 kg, mean 70.5 kg; height 155-164 cm, mean 
158.3 cm) underwent repair of uterine prolapse 
under extradural analgesia (plain bupivacaine 
1.58 (0.13) mg kg). The technique and fluid 
administration were the same as in group l. 
Diazepam 5 mg i.v. was given for sedation during 
operation. No patient needed sympathomimetic 
agents. 

Group 3 comprised six female patients who 
received plain bupivacaine 1.50 mg kg™ for the 
same procedure as in group 2, but they were older 
than 65 yr (range 67—85 yr, mean 74.0 yr; weight 
57-94 kg, mean 72.4 kg; height 150-164 cm, mean 
158.1 cm). In addition to diazepam 5 mg i.v. just 
before the beginning of operation, one patient 
received droperidol 1.25mg i.v. and another 
pethidine 25 mg i.v. In groups 2 and 3, blood and 
urine samples were collected for 24h after 
administration of bupivacaine. 

The concentrations of bupivacaine, DBB and 
4-OH-B in serum and urine were measured by 
high pressure liquid chromatography [11]. The 
detection limit was 10 ug litre? for all three 
substances and the coefficients of variation for the 
intra-assay variability were 1.8-7.4% in the 
concentration range 0.10-2.00 mg litre"?. At the 
lower limit of detection, they varied in the range 
8.6-11.2%. The conjugated forms of the three 
agents in urine were determined after incubation 
with Glusulase (Endo Laboratories, Richmond 
Hill, N.Y.). 


~u 


Time 


Fig. 1. Serum concentrations (mean (SEM)) of bupivacaine following extradural admunistration in 
pregnant (group 1) (W) and non-pregnant women aged < 65 yr (group 2) (A) and > 65 yr (group 3) 
(x). See text for details of dose. *P < 0.05; **P < 001 compared with groups 2 and 3. 
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Fic. 2. The concentrations of the N-dealkylated metabolite of bupivacaine, N-desbutyl-bupivacaine 
(mean (SEM)), in the serum in groups 1 (W), 2 (A), and 3 (X). *P < 0.05; **P < 001 compared with 


groups 2 and 3. 
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Fig. 3, The concentrations of the unconjugated 4’-hydroxylated metabolite of bupivacaine, 4’-hydroxy- 
bupivacaine (mean (SBM)), in the serum in groups 2 (A) and 3 (X). No measurable compound could be 
found in group 1. 


Data were compared using repeated-measures 
analysis of variance and differences between the 


groups with Student’s t test. Values are given as 
mean (SD). 


RESULTS 


The total dose of bupivacaine administered was 
112.2 (18.7) mg in group 1, 99.4 (19.0) mg in 
group 2 and 94.5 (16.6) mg in group 3. ‘The serum 
concentrations of bupivacaine (fig. 1), N-desbutyl- 


bupivacaine (DBB) (fig. 2) and of 4’-hydroxy- 
bupivacaine (4-OH-B) (fig. 3) differed in the three 
patient groups. The pregnant women (dose 
1.78 (0.27) mg kg) had significantly greater 
bupivacaine and DBB serum concentrations than 
the other groups (1.58 (0.13) mg kg", group 2; 
1.50 mg kg, group 3). No measurable 
unconjugated 4-OH-B was detected in the serum 
of pregnant patients. 

Pharmacokinetic parameters for bupivacaine 


TABLE I. Pharmacokinetic parameters (mean (sD)) following extradural adwmmstranon of bupivacaine to pregnant patients 
(group 1) and non-pregnant women aged < 65yr (group 2) and > 6S yr (group 3). Cmax = maximum serum concentration, 
Tmax = time to Cmax, T, = terminal half-hfe, AUC,.,, = area under 


EXTRADURAL BUPIVACAINE AND METABOLITES 


concentration—time curve from O to 24h. The suffix 


(n) denotes data normalized for weight and dose. *P < 0.05 compared with groups 2 and 3 


AUC. AUC, 44(n) 
Cmax Cmax(n) Tmax T (h mg (h mg 
n (mg litre?) (mg litre~*) (h) an} litre?) litre“) 
Group 1 6 1 39 (0.44)* 0.90 (0.33) 0.44 (0.18) 13 28 (1.02) 8.29 (3.85) 5.16 (2.00) 
Group 2 6 0 89 (0.28) 0.64 (0.23) 0.37 (0 10) 11.90 (2 01) 4.60 (1 70) 3.31 (1.34) 
Group 3 6 0 84 (0.37) 0.61 (0 27) 0.39 (0.13) 14,83 (3.88) 5.17 (1 74) 3 75 (1 20) 
TABLE II. Urinary excretion of buprvacaine (mean (SD)). n = 6 m each group 
Time after bupivacaine (h) 
0-1 1~3 6-12 12-24 0-12 0-24 
Group 1 
Urme 94.2 62.0 42.5 33.3 — 232 0 — 
content (ug) (104.4) (51.9) (37.0) (28.3) (176.4) 
o% of dose 0.10 0.06 0.02 — 0.22 — 
(0.12) (0.07) (0.04) (0.02) (0.21) 
Group 2 
Urine 02 7.9 19.0 110.3 30.8 141 0 
content (ug) (0 4) (7.7) (10.9) (103.8) (10 0) (112 2) 
% of dose 0.001 0.01 0.02 0,09 0.04 013 
(0.002) (0.01) (0.01) (0.01) (0.08) (0.01) (0.08) 
Group 3 
Urine 24.7 28.6 27.8 65,2 82.7 146.3 229 0 
content (g) (14.9) (10.8) (22 0) (94 6) (81 6) (116.0) (126.0) 
% of dose 0.03 0.03 0.07 0,08 0 16 0.24 
(0 03) (0.01) (0.03) (0.12) (0.07) (0.14) (0 14) 
TABLE III. Urinary excretion of N-desbutyl-bupivacaine (mean (SD)). n = 6 m each group 
Time after bupivacaine (h) 
0-1 1-3 3-6 6-12 12-24 0-12 0-24 
Group 1 
Urne 160.0 3474 349.7 639.6 = 1550 8 — 
content (ug) (139.6) (276.8) (480.4) (692.0) (1205.8) 
% of dose 0.15 0.35 0.39 0.67 — 1.56 — 
(0.14) (0.26) (0.61) (0.68) (1.49) 
Group 2 
Urine 0.0 378 36.6 247.3 1140.6 324.7 1464.9 
content (ug) (0.0) (42.7) (39.6) (170.8) (868.7) (216.9) (1022.3) 
% of dose 0.00 0 04 0.04 0 25 1.18 0.32 1.53 
(0.00) (0.05) (0.05) (0.19) (0.99) (0.27) (1.19) 
Group 3 
Urine 0 00 36.2 46.5 1179 682.0 200.6 882.6 
content (ug) (0.00) (27.6) (19.6) (80.2) (598,5) (75.8) (652.7) 
% of dose 0.00 0,04 0.05 0.12 0.68 0.21 089 
(0.00) (0.03) (0.02) (0.06) (0 45) (0.06) (0.44) 
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TABLE IV. Urinary excretion of unconjugated and total 4’-OH-buprvacaine. n = 6 m each group. n.d. = Not detectable 


Group i 
Unconjugated 


Group 2 
Unconjugated 
(ug) 


%, of dose 
Total (ug) 
% of dose 


Group 3 

Unconjugated 
(ug) 

% of dose 


Total (ug) 


%, of dose 


0-1 


n.d. 


87 
(9.3) 

0.01 
(0.01) 


000 
(0.00) 
0.00 
(0.00) 
6.6 
(5.8) 
0.03 
(0.05) 


12 
(2 9) 
0.001 
(0.002) 
13.2 
(12.5) 
0.01 
(0.01) 


1-3 


n.d. 


155.0 
(120 0) 
014 

(0.09) 


27.0 
(24.6) 


0.03 
(0 03) 
131 2 
(143.9) 


0.11 
(0.11) 


24,4 
(16.8) 


0.03 
(0.02) 
70.1 
(47.9) 
0.13 
(0.09) 


Time after bupivacaine (h) 


3—6 


n.d. 


223 6 
(127.4) 


0 20 
(0 13) 


34.0 
(21.4) 
0.05 

(0.04) 


200.8 
(169.4) 


0.19 
(0 15) 


270 
(19.6) 


0.03 
(0.02) 
180.6 
(137.1) 


019 
(0.15) 


6-12 


n.d. 


390.4 
(365.1) 


0.32 
(0.29) 


69.0 
(54.9) 


0.07 
(0.05) 
625.3 
(404.8) 
0.65 
(0.45) 


32.9 
(18.4) 
0.03 
(0.02) 
307 8 
(173.6) 
0.33 
(0.19) 


12~24 


66 2 
(73 7) 
0.06 

(0.08) 

553.0 

(269.6) 
0.58 

(0.32) 


61 6 
(56 2) 
0 06 
(0.05) 
576.8 
(317.3) 
0.62 
(0.34) 


0-12 


n.d. 


767.3 
(382.3) 
0 67 
(0 27) 


129.9 
(70.4) 
0.15 

(0.08) 

963 9 

(540 9) 
098 

(0.50) 


85.5 
(50.7) 
0.09 
(0.06) 
588.2 
(311.3) 
0 66 
(0.34) 


0-24 


156 3 
(158.9) 
0.21 
(0 14) 
1515.1 
(766.2) 
1.56 
(0.77) 


147.1 
(72.3) 
0.15 
(0.08) 
1161.8 
(506.5) 
1.28 
(0.50) 


TABLE V. Total cumulatroe urinary excretion of bupivacaine and its metabolites as a percentage of total dose n the three groups 


of patients (mean (SD)) 


Time after bupivacaine (h) 


0-1 1-3 3—6 


Group 1 0.3 (0.2) 0.6 (0 5) 0.6 (0 7) 
Group 2 00(0 1) 02(0 1) 0.3 (0.2) 
01(01) 02(0 1) 0.3 (0.2) 


6-12 12-24 0-12 0-24 
1.0 (07) aas 2.5 (1.6) a 
0.9 (0 6) 1.8 (1.3) 1.4 (0.8) 3,2 (2.0) 
0.6 (0.2) 1.4 (0.4) 1.2 (0.4) 2.6 (0.6) 


Group 3 


are presented in table I. Values of Tmax and AUC 
were corrected for dose and weight in order to 
compare treatment groups. 

Urinary excretion of bupivacaine (table IT) and 
DBB (table III) did not differ significantly 
between the three patient groups. No conjugated 
forms of bupivacaine or DBB in the urine were 
detected. No unconjugated 4-OH-B was found in 
the urine of pregnant patients but, in all groups, 
smali and variable amounts of conjugated drug 
were measured (table IV). Of the total 4-OH-B in 
the urine 83.6 (8.8)% and 88.1 (10.1) % was in the 
conjugated form in groups 2 and 3, respectively. 


The cumulative urinary excretion of bupivacaine 
and its metabolites and their conjugates are shown 
in table V. 


DISCUSSION 


The absorption rate and the terminal phase half- 
life (T°) of bupivacaine in the serum were similar 
between the three patients groups, although the 
extradurally administered dose varied. Similar 
results have been described for etidocaine [12]. 
Prolonged absorption from the extradural space 
may result in overestimation of 7,5 [13] (12-15 h 
in the present study); the value for bupivacaine 
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Fic. 4. Possible metabolic pathways for bupivacaine. 


following i.v. injection is 2-3 h [1, 13]. In earlier 
observations, the peak serum concentration of 
bupivacaine was greater in pregnant patients [14]. 
However, there was no significant difference 
between the three patient groups in the present 
study, indicating a similar absorption rate. The 
pharmacokinetic data of the present study are 
comparable to those published for healthy preg- 
nant patients [15, 16]. 

In contrast with non-pregnant women, preg- 
nant women did not produce the unconjugated 4’~ 
hydroxy metabolite of bupivacaine in measurable 
amounts in serum and urine, but its conjugated 
concentration in urine was similar in all three 
patient groups. Conversely, the serum concen- 
tration of the N-demethylated metabolite was 
significantly greater in pregnant patients. Thus 
the 4’-hydroxylation of bupivacaine, but not its 
further conjugation, seems to be inhibited by 
pregnancy, whereas the N-dealkylation reaction is 
enhanced. 

Bupivacaine is metabolized effectively in man, 
as less than 1% of the administered dose was 
excreted unchanged in the urine of pregnant or 
non-pregnant women. Metabolites other than N- 
desbutyl- or 4’-hydroxy-bupivacaine must com- 
prise most of the renal excretion of bupivacaine, 
as the total sum of these metabolites and the 
conjugate of 4-OH-B was only a small fraction of 
the dose administered. This is in agreement with 
earlier observations [3,9]. Similar patterns of 


metabolism have been shown for lignocaine [17] 
and etidocaine [12, 18]. 

The 3- and 4-hydroxylation reactions in the 
metabolism of lignocaine [4,5,17] and the 4- 
hydroxylation of bupivacaine appear to be minor 
metabolic pathways. In contrast, mepivacaine, a 
less potent homologue of bupivacaine, undergoes 
ring hydroxylation as a primary reaction and 
results in the excretion of 15-20% of the drug 
as 3-hydroxy-mepivacaine and 10-14% as 
4-hydroxy-mepivacaine, which are conjugated 
subsequently [19-21]. Thus there are consider- 
able differences in the metabolism and excretion 
of these closely related local analgesic agents. 

Figure 4 shows possible metabolic pathways for 
bupivacaine, based on animal studies (2, 6]. It is 
apparent that ring hydroxylation and N- 
dealkylation are minor metabolic pathways in man 
[2], and amide hydrolysis deserves more extensive 
investigation. Although preliminary results 
indicate that both bupivacaine and DBB are 
resistant to amide hydrolysis in man [2, 6], no 
definite conclusions can be formed. It is notable 
that, in the metabolism of lignocaine, amide 
hydrolysis is extensive [2, 6]. 


In conclusion, pregnancy but not age affect, to 
a small extent, the disposition and elimination of 
bupivacaine. In its metabolism and excretion, N- 
dealkylation, 4’-hydroxylation and subsequent 
conjugation are not a major pathway in man. 
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HEPATIC AND EXTRAHEPATIC DISPOSITION OF 
PROPOFOL IN PATIENTS UNDERGOING 
CORONARY BYPASS SURGERYł 


H. LANGE, H. STEPHAN, H. RIEKE, M. KELLERMANN, H. SONNTAG 


AND J. BIRCHER 


SUMMARY 


in order to clarify the relative contribution of the 
liver to the short term disposition of propofol, 
hepatic blood flow was measured during in- 
duction of anaesthesia with an i.v. bolus dose of 
propofol 2 mg kg. Total clearance of the drug 
was 2390 (sD 340) ml min, hepatic extraction 
82 % and hepatic clearance 1060 (260) mi min“. 
During the 60-min period of observation, hepatic 
extraction of propofol increased from 79% to 
92 %. It is concluded that, within 1 h, only 44% of 
the administered dose is removed by the liver. 
Consequently, drug accumulation may occur 
with repeated dosing or infusion of propofol. The 
increase in extraction results presumably from 
slow release of propofol from the soy-bean 
emulsion. 


KEY WORDS 


Anaesthetics intravenous. propofol Pharmacokinetics: dis- 
position, hepatic blood flow. 


In 1977 propofol (2,6 di-isopropyl phenol) was 
described by Kay and Rolly as a short acting 
induction anaesthetic [1]. Complications with the 
solvent Cremophor EL led to the formulation of a 
soy-bean oil emulsion [2]. Clinical studies with 
both preparations suggested that propofol should 
serve as a short acting hypnotic drug, ideally 
suited for day-case anaesthesia [3,4] or other 
routine operations [5]. Comparison of the two 
formulations in the literature suggest that, for 
induction of anaesthesia, the dose requirement of 
the emulsion form seemed to be higher than that 
of the Cremophor EL preparation [6, 7]. The 
short duration of action of propofol was explained 
by the very high total body clearance [2, 8, 9]. 


Calculated total body clearance, however, ex- 
ceeded hepatic plasma or blood flow estimated 
from physiological values in normal man and the 
relative contribution of the liver to the overall 
disposition was not known. 

In order to examine some of these questions, a 
study was designed in patients undergoing cardiac 
surgery, and who were therefore subjected to 
extensive cardiovascular monitoring. This per- 
mitted measurement of hepatic blood flow and 
simultaneous assessment of systemic and hepatic 
venous concentrations of propofol. 


SUBJECTS AND METHODS 


Subjects 


The study was approved by the local Ethics 
Committee and all patients gave informed written 
consent. The investigation was performed in 11 
male patients (table I) who were referred for 
elective coronary artery bypass surgery. All had 
involvement of one to three coronary vessels, but 
compensated ventricular function. Clinical his- 
tory, physical findings and serum concentrations 
of transaminases, alkaline phosphatase, y-glutamy] 
transpeptidase, bilirubin and prothrombin time 
were within normal limits and revealed no 
evidence of liver disease. 

Current medication was continued until the day 
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Tastes I. Patient data. A= Acetylsahcyhc aad; B = benszafibrate; Bi=bisoprolol; D = dilnazem; Di = digon; 
Dz = diazepam; E= enalapril; F = fenofibrate; H= hydrochlorothiazide ; M = molsidomine; Me = metoprolol; 4. 
N = nifedipine ; P = propranolol; S = sitosterine; SN = sorbide nitrate; T = triamterene ü 
Serum 
Age Height Weight creatinine Hb PCV 
Patient (yr) (cm) (kg) (pmol litre~*) (g di-*) (%) Drugs 
K.M. 54 162 760 115 14,9 44.2 B, SN, Me 
MLG. 54 173 74.0 80 16.6 45.7 Me, N 
R.S. 34 176 80.3 97 15.6 49.9 SN, Me 
O.R. 48 179 83.0 107 14.0 41.2 B, M, Me, S 
MR. 53 170 85.0 107 14.0 42.7 Dz, N, M 
H.R. 60 170 74.3 107 14.2 470 H,D,M,S,T 
G.N. 56 172 85.2 107 16.6 41.9 M, N 
E.S. 52 174 75.5 88 16.3 48.9 SN 
H.T. 51 174 78.5 88 15.9 47.8 Bi, D, F, H, T, P 
K.P. 61 160 62 0 80 14,3 511 B, D, E, H, SN, T, N 
W.G. 38 180 §1.3 97 17.0 41.8 M 
Mean 51 172 77.7 97.1 14.1 46.0 
SD 8.3 62 66 8.0 4.6 4.0 


before operation. Premedication consisted of 
flunitrazepam 2me orally at 06:00 and piri- 
tramide 15mg combined with promethazine 
50 mg i.m. 1.5h before induction of anaesthesia. 


Procedures 


Measurement in patients. In the anaesthetic 
room, a blank plasma sample was taken and an 
indocyanine green (ICG) infusion was started 
through an indwelling 14-gauge cannula in a 
forearm vein. After cannulation of a radial artery, 
a 7-French gauge catheter was inserted through 
the right internal jugular vein and positioned 
under fluoroscopic contro] into a right hepatic 
vein; hepatic venous oxygen saturation was 
measured to verify its position. A 7-French gauge 
triple lumen pulmonary arterial thermodilution 
catheter was inserted via a brachial vein and the 
wedge position was verified by the pressure curve. 
After measurement of cardiovascular variables at 
rest, anaesthesia was induced with fentanyl 
0.5 mg, pancuronium 8 mg and propofol 2 mg kg? 
i.v. The lungs were ventilated mechanically to 
maintain normocapnia as verified by arterial 
blood-gas analysis and determination of carbon 
dioxide concentration in end expired gas. An- 
aesthesia was maintained by an infusion of 
fentanyl 20 pg: min and 50% nitrous oxide in 
oxygen. Immediately after injection of propofol, 
hepatic plasma flow and cardiovascular variables 
were measured again for 15 min and arterial, 
pulmonary arterial and hepatic venous samples 


were collected for measurement of plasma 
propofol concentrations. The same procedures of 
measurement and sampling were performed dur- 
ing sternotomy. 

Measurement of hepatic plasma flow (Qg). 
Hepatic plasma flow was determined by the steady 
state infusion and extraction technique according 
to Bradley [10] using ICG as indicator. The 
infusion rate was 0.5 mg min throughout the » 
period of investigation and the ICG infusion was 
started at least 45 min before the first measure- 
ments in order to allow time for achievement of 
steady state conditions. 

Three arterial and three hepatic venous blood 
samples were collected alternately at intervals of 
3 min. If plasma concentrations changed less than 
6% within 12 min, steady state conditions were 
assumed and hepatic plasma flow was calculated 
according to Bradley [10]. 

Cardiovascular variables. Cardiac output (CO) 
was determined by the thermodilution method 
using an automatic device (Fischer HZV, Mod. 
BN 7260, Gottingen, FRG). Systemic and pul- 
monary arterial pressures were recorded using 
Statham transducers. 


Analytical procedures 


Plasma concentrations of ICG. Three millilitre 
of heparinized blood was centrifuged immediately - 
after sampling and extinction was read photo- ` 
metrically at 800 nm. The calibration curve 
consisted of concentrations of 50, 250, 750 and 
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1250 mg litre? with a within-day coefficient of 
variation of 4.5% (n = 12) at 50 mg litre! and 
3.9% (n = 12) at 1250 mg litre}, respectively. 
Plasma concentrations of propofol. Plasma con- 
centrations of propofol were determined by 
HPLC. The equipment consisted of a Merck 
Hitachi 655 A-12 solvent pump, 655 A-40 auto- 
sampler, F-1000 fluorescence spectrophotometer, 
D-2000 chromato-integrator and a 25-cm Merck 
100 RP-18 endcapped 5-um column (all E. Merck, 
Darmstadt, FRG). Excitation wavelength was 
276 nam and emission wavelength 310 nm. The 
mobile phase was acetonitrile: water: 85% ortho- 
phosphoric acid (60:40:0.2) and the flow rate 
1.5 ml min“; thymol served as internal standard. 
Each assay was calibrated at concentrations of 25, 
50, 100, 500, 1000, 2000 and 5000 ng ml-t. The 
limit of detection was 10 ng ml~!. Standards of 50, 
500 and 1000 ng ml“! were measured after every 
25th sample for quality control. Interserial coeff- 
cients of variation ranged from 6.5% at 50 ng ml"! 
(n=11) to 3.9% at 1000 ng mi? (n= 11). No 
difference was detected between whole blood and 
plasma concentrations of propofol when measured 
at a known concentration of 1000 ng mi“, 10 
times in whole blood and in plasma, which was 
prepared from propofol-spiked whole blood. 


Calculations 

Splanchnic consumption of oxygen. Oxygen con- 
sumption (VHo,) was calculated as the product of 
hepatic blood flow (hepatic plasma flow/1—PCV) 
and arterial-hepatic venous difference in oxygen 
content (Lex-O, Con, IL). 

Hepatic extraction of propofol. This was cal- 
culated by two methods. 
(1) The overall extraction (E) was calculated as: 


E = (AUC,,—AUC,,)/AUC,, 


where AUC,,, = area under the arterial, AUC,, 
= area under the hepatic venous plasma con- 
centration—time curve. These AUC were cal- 
culated by the iteration method with the Gauss— 
Newton algorithm using the PCNONLIN com- 
puter program (Statistical Consultants Inc., Lex- 
ington/Kentucky, U.S.A.). Weighting was 1/y. 
(2) The instantaneous extraction (E) was cal- 
culated as: 


(Cart a3 Cry)/ Cart 


with concentrations found simultaneously by 
interpolation on the plasma concentration—time 
curves. 
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Clearances. Hepatic clearance of ICG at steady 
state was calculated as ratio of the infusion rate to 
Cin; the arterial plasma concentration. For the 
calculation of the intrinsic clearance (C1) of ICG 
and propofol, the formula of the sinusoidal model 
[11, 12] was applied: 


Ch = Qu x In (Can/ Cry) 


where Q,, is hepatic plasma flow and C,,. the 
hepatic venous plasma concentration. 

Total clearance of propofol (C7) was cal- 
culated as the ratio of the dose to the AUC of 
propofol and hepatic blood clearance (C/,,) as 


follows: Cla = (Qn/1-PCV)E 


where Qa = hepatic plasma flow and E = hepatic 
extraction of propofol. 


Stattstics 


Data were analysed using the ¢ test for paired 
and unpaired samples and correlations were tested 
using linear regression analysis. 


RESULTS 


All patients tolerated the investigation without 
complications, and were discharged from hospital 
clinically improved. 

Before induction of anaesthesia, mean heart 
rate (HR) was 59 (sD 7.7) beat min™ and this did 
not change significantly during the period of 
investigation (table II). Mean arterial pressure 
(MAP) decreased from 94 (15.5) mm Hg by 18% 
(P < 0.05) after induction and this returned to 
initial values at sternotomy. CO was initially 5.30 
(0.95) litre mint, decreased by 17% (P < 0.02) 
after induction, and increased slightly at sterno- 
tomy. 

Estimated hepatic plasma flow (Q,,) initially 
was 0.74 (0.19) litre min“. After induction it 
decreased by 14% (P < 0.01) and approached 
baseline values at sternotomy (ns). Qu was 
constant at about 15% of CO. Hepatic oxygen 
consumption did not change significantly during 
the procedure. Absolute values were within the 
normal physiological range. The intrinsic clear- 
ance of ICG (1.06 litre min“) was similar to 
published values [11] although, compared with 
predrug values, there was a significant decrease 
after induction (by 54%) and at sternotomy (by 
38%). 

The mean area under the plasma propofol 
concentration—time curve (AUC) of the arterial 
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TABLE II. Haemodyname data, in increasing order of hepatic plasma flow. HR = Heart rate; MAP = mean arterial pressure ; 
CO = cardiac output; Ecg = hepatic extracnon of ICG; Qu = hepatic plasma flow; VHo, = splanchnic oxygen consumption ; 
Cl, rco = intrinsic hepatic clearance of ICG. Significantly different from predrug: *P < 0.05; ** P < 0.01 








HR MAP CoO Qu Chica 
Patient (beat mint) (mm Hg) (litre min7*) Bice (litre min`?) (ml min”) (min™*) 
K.M. 64 79 4.59 0.59 053 26 0.52 
MG. 56 110 3 50 0.76 0.55 30 0.76 
R.S. 57 121 6.01 0.81 0.59 29 0.98 
O.R. 47 67 5.29 0.84 0.66 31 1.21 
M.R. 56 88 6.50 0.75 0.67 26 0.93 
H.R. 57 100 4,95 0.80 0.73 29 1.17 
G.N. 52 90 5,24 0.88 0.75 37 1.60 
E.S. 63 88 4.86 0.78 0 80 24 1.22 
H.T. 70 99 5,96 0.72 081 32 1.03 
K.P. 56 106 460 0.54 0.94 37 0.73 
W.G. 73 86 6.78 0.71 1.19 23 1.48 
Mean 59 94 5.30 0.74 0.74 30 1.06 
SD T17 15.5 095 011 019 4.7 0.32 
After 
induction 
KM. 55 69 3.56 0 58 0.45 31 0.38 
M.G. 61 76 3.64 0 56 0.50 30 0.41 
R.S 59 96 4.64 0 71 0.54 27 0.66 
O.R 58 74 5.55 0.54 0.63 36 0.27 
M.R. 59 76 4.86 0.62 0.56 28 0 58 
H.R. 51 70 3.67 0.62 0.51 25 0.50 
G.N. 51 79 4.38 0.45 0.82 4l 0.49 
E.S 68 78 3.98 0.61 0.67 20 0.63 
H.T, 63 63 4.47 0.52 0 69 34 0.50 
K.P. 80 89 4.77 0 43 0.81 ~ 0.45 
W.G. 58 76 4.92 051 0 83 33 0.59 
Mean 60 77* 4,40* 0.56 0.64** 31 0.49** 
SD 8.2 91 0.63 0.08 014 5.9 0.12 
Sternotomy 
K.M. — — — — — — — 
M.G 60 76 5.25 070 0.40 J 0.47 
R.S 65 145 468 0.74 0.53 31 0 93 
O.R. 52 83 5.14 0.60 0.73 36 0.66 
M.R 57 92 3.85 0.66 0.73 29 079 
H.R. 49 72 3,35 0.67 0.58 29 0.64 
G.N 52 97 5 54 0.85 0 63 31 0.70 
E.S 63 101 4.18 0.57 0.81 24 0.68 
H.T 71 110 5.29 0.53 0 78 3] 0.59 
K.P. 64 86 5.24 — — mwem — 
W.G. 62 88 395 0.60 1.05 31 095 
Mean 60 95 4.65 0.66 069 30 0.66** 
SD 69 209 0.76 010 0.19 3.3 0.14 


samples was 68.0 (12.1) ug mi~ h™ and of the 
hepatic venous samples 9.8 (4.4) ug ml 1h", re- 
sulting in a mean hepatic extraction ratio of 0.83 
(0.10). The AUC of pulmonary arterial samples 
for eight patients was 53.0 (22.4) ug ml? hl. 
Compared with the corresponding arterial AUC 
(65.5 (7.6) ug mlt h71) there was no significant 
difference. For the plasma concentration—time 
curves (fig. 1), the difference between arterial and 


hepatic venous plasma concentrations increased 
with time. Consequently, mean hepatic extraction 
ratio of propofol after 6 min was 0.79 (0.15) and 
0.92 (0.07) after 60 min (P < 0.03 compared with 
the extraction after 6 min) (table ITT). 

Total clearance of propofol (the ratio of the 
dose to the systemic arterial AUC) was 2.39 
(0.34) litre min“ and the hepatic blood clearance 
1.06 (0.26) litre min™ (table III). Consequently, 
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p art 





PROPOFOL 





100 


Plasma concentration of 
ICG (mg litre™')(4,4)or propofol (ng mi”) 


60 


Time (min) 


Fic. 1. Details of a representative experiment. ICG was m- 

fused at 0.5 mg min™ and the i.v. bolus dose was 160 mg. In- 

duction was at time 0. The ordinate is calibrated for ICG in 

mg litre? and for propofol mm ng ml"). art = Arterial; 

hv = hepatic vein; p.art = pulmonary arterial. Calculations 
are given in tables II and ITI. 
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the extrahepatic clearance of propofol was 1.33 
(0.36) litre min-1—about 1.3 times greater than 
hepatic clearance. 

There was a strong correlation between hepatic 
ICG and propofol clearance (y = 1.36x+ 455; 
r=0.81; P< 0.01) (fig. 2). No significant cor- 
relation was found between intrinsic clearances of 
ICG and propofol (r = 0.01), ICG clearance and 
total propofol clearance (r = 0.30) and hepatic 
extractions of ICG and propofol (r = 0.64). 


DISCUSSION 


This study has confirmed that propofol is subject 
to a very high hepatic extraction. Consequently, 
its hepatic elimination is dependent heavily on 
hepatic blood flow. However, distribution into 
deep compartments is relatively more important 
for the overall disposition of propofol than is 


TABLE III. Pharmacokinetics of propofol. Cl'* = Total clearance of propofol; E,, = hepatic extraction of propofol; 


Cl; = hepatic clearance of propofol (hepatic 


plasma flowxE,); 


Cl, y = tmirmsc hepatic clearance of propofol, 


Clyy = extrahepatic clearance of propofol (Cl“—Cl,). t Hepatic vem concentrations < 10 ng ml (hmit of detection). 
Stemficantly different compared with extraction at 6 min: *P < 005; ** P < 0.0] 


Arterial Hepatic vein 
Propofol — 
dose A B a A B a B 

Patient (mg) (ng mi™) (ngm) (min™) (min`) (agmi) (agmi) (min) = (min) 
K.M. 150 6990 1140 0.56 0.03 1490 204 0 42 0 04 
M.G. 150 10100 728 031 0 02 1050 74 0.34 0.02 
R.S 160 11800 1370 0.31 0.03 1000 42 0.24 0,04 
O.R. 170 11000 964 0.32 0.03 1000 19 0.41 0.01 
MLR. 170 9010 1040 0.24 0.02 2450 159 0.25 0.05 
H.R. 150 9970 1050 0.28 0.03 895 93 0.43 0.04 
G.N. 170 6830 827 0.21 0.03 1160 62 017 001 
E.S. 170 9000 995 0.32 0.03 3420 158 0.34 0 70 
H.T 160 6640 837 0 30 0.02 2410 74 0.32 0.41 
K.P. 130 8990 1100 0.48 0.03 1964 474 0.37 0.04 
W.G 170 9480 836 0.32 0 02 3000 68 0.25 0.03 
Mean 159 9070 989 0.33 0.03 1810 130 0.32 013 
SD 13 1690 180 0.10 001 900 128 0.08 0 22 

Instantaneous hepatic extractions at 
cre Che- Chy a 
6 min 12 mın 20min 60min (ml min™!) Ey (mi min™!) (ml min™t) (ml min“) 

K.M. 150 0.87 0.75 0.80 0 90 2740 0 84 671 810 2070 

M.G 150 0.89 091 090 0.90 2130 0.90 745 940 J380 

R.S. 160 0.92 0.94 0.98 >0.97ł 1723 0 94 1030 1530 690 

O.R. 170 0.91 0.97 097  >0.94ł 2388 0.91 1090 2120 1300 

M.R. 170 0 80 0.76 0.87 0.94 2076 0.84 949 1330 1130 

H.R. 150 095 095 099 =>0.95t 2074 0.94 966 1630 1110 

G.N. 170 0.71 0.74 081 081 2685 0.82 1020 970 1670 

E.S. 170 077 0.81 0.94 > 0.95} 2738 0.78 1160 1310 1580 

H.T 160 077 0.85 0.94 095 2718 0.81 1150 1440 1630 

K.P. 130 0.70 0.44 0.62 0 76 2551 0.68 1120 910 1430 

W.G 170 0.43 0.60 0.89 0.92 2455 0.66 1290 1670 1170 

Mean 159 0.79 0.79 088** 0.92% 2389 0 828 1060 1380 1330 

sD 13 015 016 0.11 0 07 343 0.096 257 400 364 


s B 
8 8 


è 
e) 


Hepatic clearance of propofol 
(mi min”) 





600 
Hepatic clearance of ICG (ml min“) 


Fic. 2. Correlanon between hepatic clearance of propofol and 

ICG. The latter was calculated from the measurements ob- 

tained during sternotomy. y= 136x+455; r=0.81; 
P< 0.01. 


clearance by the liver. As a result, the potential for 
drug accumulation after repeated or continuous 
dosing cannot be disregarded. Nevertheless, these 
conclusions must be tempered by the limitations 
of the study. 

For accurate measurements of hepatic plasma 
flow, a steady state must be achieved: infusion 
rate of the indicator and removal by the liver 
should be equal. In our study, intrinsic clearance 
of ICG decreased significantly in the presence of 
propofol compared with baseline values, and 
plasma concentrations of ICG increased dispro- 
portionally after injection of propofol, indicating 
that removal of ICG was reduced. Although 
plasma concentrations remained relatively stable 
(+6%) during measurement of hepatic plasma 
flow, steady state conditions cannot be assumed. 
Thus hepatic removal of ICG was presumably 
less than calculated from the infusion rate and, as 
a consequence, hepatic plasma flow after in- 
duction was overestimated. ICG is removed from 
the plasma by uptake into the hepatocyte and 
eliminated unchanged by canalicular excretion 
with the bile. Therefore, it is reasonable to exclude 
metabolic interactions between ICG and pro- 
pofol. The reduced intrinsic clearance of ICG is 
more likely to result from an interaction of 
propofol with hepatic uptake of ICG. Despite this 
methodological limitation, interpretation of the 
relative changes in hepatic plasma flow remain the 
same. Only the differences between the values 
before anaesthesia and after induction are under- 
rather than overestimated and may be somewhat 

a 
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more marked than described in our data. As 
hepatic elimination of ICG has been influenced 
by propofol, it is possible that elimination of 
propofol was modified by ICG. However, hepatic 
extraction of propofol was 0.92 after 60 min. On 
the assumption that ICG may have reduced 
hepatic uptake of propofol, the maximum error 
has to be less than 8 %, because hepatic extraction 
cannot exceed 1.0. Also, the lack of a statistical 
relation between hepatic extractions of ICG and 
propofol argues against an important interaction. 
Interactions between propofol and fentanyl as 
described by Cockshott and colleagues [8] would 
lead to the same conclusions and would not alter 
the interpretation of the results obtained. 

Iterative calculations of the area under the 
plasma concentration—time curves may be in- 
accurate as a result of analytical errors, sampling 
times and relatively small differences in expo- 
nential functions. For instance, late onset of 
sampling may lead to high exponential errors in 
the a-phase, and early termination to substantial 
errors in extrapolation to infinity. In this study, 
arterial and hepatic venous sampling was started 
3 min after injection of propofol; this represents a 
reasonable compromise and an acceptable defi- 
nition of the a-phase with more than three definite 
measurements. 

Pulmonary arterial sampling started 3 min later, 
leading to a higher potential error in definition of 
the a-phase. As a consequence of the cardio- 
thoracic surgery, sampling could be extended 
only until onset of extracorporeal circulation, that 
is about 120 min after injection of propofol. 
Therefore, iteration involves some inaccuracy in 
extrapolation to infinity. Presumably, this error is 
acceptable because, on average, the extrapolated 
area was 23.2+12.7% of the AUC,_.. in arterial 
samples and was comparable quantitatively in all 
cases. Calculations of propofol clearances were 
based on plasma concentrations and interpreted as 
blood clearances because of the equal distribution 
of propofol in plasma and erythrocytes. 

Haemodynamic changes may also have been 
changed by other factors after induction of 
anaesthesia. Preoperative stress was probably 
unimportant because of the heavy premedication. 
All patients tolerated preoperative manipulations, 
including catheterizations under local anaesthesia, 
without significant cardiovascular changes. In- 
terference caused by ICG may also be excluded as 
there is no evidence for any direct cardiovascular 
effects of ICG, which is used widely for de- 
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termination of cardiac output and hepatic plasma 
flow [10, 11]. 

The high total clearance of propofol agrees well 
with the findings of other investigators [2, 8, 13], 
who measured blood concentrations of propofol 
{14]. A prior, the mean value of 
2.4 litre min“! implies extrahepatic disposition of 
propofol, because it exceeds hepatic blood flow. 
However, to our knowledge the relative contribu- 
tions of the liver and of extrahepatic organs have 
not yet been reported. Based on our findings, the 
difference between total and hepatic blood clear- 
ance suggests an extrahepatic clearance of 
1.3 litre min`. We therefore looked for other 
organs which might be responsible, and calculated 
the AUC of pulmonary arterial samples. The 
tendency to lower AUC of the latter compared 
with systemic arterial AUC does not suggest 
pulmonary removal of propofol. This insignificant 
difference is explained easily by an error in 
estimation of the o-phase as a result of the 
sampling procedure. We conclude, therefore, that 
the high extrahepatic clearance of propofol is 
presumably an error related to the terminal 
portion of the concentration—time curve. It may 
result either from inaccuracies of the B-phase or 
from inability to investigate a third y-phase with 
an extremely long half-life which might reduce 
the total propofol clearance, possibly to the level 
of hepatic clearance. In the latter case, extra- 
hepatic elimination of propofol would have to be 
considered as distribution into deep com- 
partments. Therefore, drug accumulation after 
repeated administration or during infusion re- 
mains a possibility. These findings are compatible 
with the results of Campbell and colleagues [15] 
who demonstrated a significant correlation be- 
tween sampling period and the systemic blood 
clearance of propofol, indicating possible errors in 
the definition of the terminal slope of the plasma 
concentration—time curve. They found a systemic 
blood clearance of 1020 ml min™!, equal to normal 
physiological values for hepatic blood flow in 
healthy man. 

The cardiovascular effects of propofol in this 
study are similar to the results of other investi- 
gators [5, 16-18]: notably, a significant decrease 
in cardiac output combined with a corresponding 
reduction in mean arterial pressure and in hepatic 
plasma flow. However, compared with predrug 
values, splanchnic oxygen consumption and hep- 
atic venous oxygen content remained unchanged. 
The lack of change in hepatic venous oxygen 
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content resulted from an increase in arterial 
oxygen content after induction of anaesthesia, 
caused by mechanical ventilation, and an increase 
in Fig, from 0.21 to 0.5. 

There was a continuous increase in hepatic 
extraction of propofol with time to a maximum 
value of 0.92 after 60 min (fig. 1, table ITI). As 
ICG is unlikely to affect hepatic propofol uptake 
into hepatocytes, this may result from slow release 
of propofol from the soy-bean oil emulsion. This 
hypothesis is compatible with the finding that the 
early Cremophor preparation was associated with 
smaller dose requirements than the soy-bean oil 
emulsion used in this study [1, 7, 19]. 
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COMPARISON OF FOUR METHODS OF PREOXYGENATION 


J. W. McCRORY AND J. N. S. MATTHEWS 





SUMMARY 


We studied four different techniques of pre- 
oxygenation in 20 healthy volunteers, by con- 
tinuous analysis of respired gases. Three minutes 
of tidal breathing from a Magill breathing system 
or four vital capacity breaths from a non- 
rebreathing system were found to be equally 
effective, whereas four vital capacity breaths 
from a Magill breathing system were less effect- 
ive. Maximal expiration before application of 
the face mask resulted in improved oxygenation 
when four vital capacity breaths were taken from 
a Magill system. 


KEY WORDS 
Oxygenation > techniques. 


= Preoxygenation before rapid sequence induction 
of general anaesthesia has become standard prac- 
tice. Pulmonary nitrogen washout and its 
replacement by oxygen increases oxygen reserve 
within the lungs and reduces the risk of hypoxia 
during a period of apnoea. 

A rapid and effective preoxygenation technique 
would have several advantages over a 3-min tidal 
breathing technique [1]. 

It has been suggested that three or four vital 
capacity breaths from a Magill or circle breathing 
system results in adequate preoxygenation [2-4]. 
One of these studies [4], which involved 
comparisons of mean Pao, values achieved by two 
separate groups of term parturients has been 
criticized [5] on the grounds that a wide inter- 
patient variation in alveolar—arterial oxygen con- 
tent difference is known to occur at term preg- 
nancy [6]. Other groups have found these rapid 
methods to be inferior to a full 3 min of tidal 
_ breathing [7, 8]. 

With normal lung function, the rate of pul- 
monary oxygen washin (and nitrogen washout) is 
mono-exponential [9] and depends upon the 


minute volume of respiration and the inspired 
oxygen concentration (FIp,) [10]. In theory, an 
increase in minute volume (by vital capacity 
breathing) should increase the rate of oxygen 
washin. However, vital capacity breathing with a 
Mapleson A or D system (with an oxygen supply 
of 8-10 litre min“) results in some rebreathing of 
expired gases [8,10]. Inevitably, this reduces 
Fio, and so decreases the rate of oxygen washin. 
This might explain the observation that rapid, 
vital capacity preoxygenation techniques are in- 
ferior to a full 3 min of tidal breathing [7, 8]. 
The aim of this study was to compare the 
effectiveness of “‘standard”’ tidal volume, vital 
capacity and ‘‘ modified vital capacity ” techniques 
of preoxygenation. In addition, the influence of 
initial lung volume and phase of ventilation upon 
the subsequent course of preoxygenation were 
investigated. As the study involved healthy 
volunteers, end-expiratory oxygen concentration 
(FE’>,) was used as the index of oxygen washin. 


SUBJECTS AND METHODS 


The study was approved by the Joint District 
Ethics committee. Twenty healthy, non-pregnant 
volunteers (12 female) were studied and their age, 
sex, height, weight and forced vital capacity were 
recorded. Each subject underwent successive pre- 
oxygenation cycles using four different techniques 
(described below). The order of technique was 
determined by randomization to a four-treatment, 
four-period crossover design using a Williams 
square [11]. 

Each technique was performed with the subject 
supine. 
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Fic. 1. Breathing system used in technique IV. 


Delivery system 


Oxygen was delivered to an anaesthetic breath- 
ing system from a standard Gardner anaesthetic 
machine at 10 litre min™. Additional oxygen was 
supplied from the emergency oxygen flush device 
if the reservoir bag was nearly empty. A Magill 
breathing system modified to comprise two 2-litre 
reservoir bags, a standard l-m length of cor- 
rugated antistatic rubber hose, Heidbrink ex- 
piratory valve, angle piece and face mask was used 
in all techniques. In technique IV, a non- 
rebreathing (Ambu E) valve was added (fig. 1). In 
all subjects the breathing system was pre-filled 
with oxygen [1] by occluding the aperture of the 
face mask with the palm of the hand. 


Breathing patterns for preoxygenation techniques 


Each technique was performed for 3 min. 
Technique I: face mask applied without 
regard to phase of ventilation; 
tidal breathing. 
mask applied without regard 
to phase of ventilation; vital 
capacity breathing. 
mask applied at residual 
volume; vital capacity breath- 
ing. 
mask applied at residual 
volume; vital capacity breathing 
with the non-rebreathing 
Ambu—Magill combination. 

The anaesthetic face mask was held by the 
investigator, who attempted to maintain a gas- 
tight seal. 

Following each test, the subject breathed room 
air for at least 5 min. FE'o, was measured to 
ensure a return to the baseline value. 

Respired gases were sampled continuously (at 


Technique II 


Technique III: 


Technique IV: 


30 ml min“) using a tube mounted in the 
anaesthetic face mask close to the subjects 
lips. Oxygen and carbon dioxide concentrations 
were measured by a mass spectrometer (Airspec) 
and recorded by a two-channel potentiometric 
recorder (Devices). 

Both mass spectrometer and chart recorder 
were calibrated against reference samples of gas 
for oxygen (15 and 100%) and carbon dioxide (0 
and 8%) before each technique was performed. 
The accuracy of calibrating gas samples were 
quoted as +1% of stated value by the manu- 
facturer. No correction for spectral overlap was 
necessary. The mass spectrometer was stated by 
the manufacturer to possess a 95% rise time of 
320 ms, and a limit of resolution of 10 p.p.m. 

During each preoxygenation sequence, FB'o, 
end expiratory carbon dioxide concentration 
(FE’co,) and inspired carbon dioxide concen- 
tration (FIco,) were noted after both four breaths 
and 3 min. The time taken to complete the first 
four breaths was also noted. All data were analysed 
using crossover analysis of variance. All the 
variables were assumed to follow a normal 
distribution; this was verified with probability 
plots. 


RESULTS 


Mean (SD) age of the subjects was 29.4 (4.66) yr, 
height 168 (13.37) cm, weight 67 (13.1)kg and 
forced vital capacity 4830 (1482) ml. 

Values for F8’o,, FE’'co, and Figo, after four 
breaths and 3min, and the times taken to 
complete four breaths with each preoxygenation 
technique are shown in table I. The standard 
errors quoted are pooled estimates obtained from 
the residual mean square in the crossover analysis 
of variance. Learning or carryover effects were 
found to be insignificant. Nonetheless, to avoid 
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TABLE I. End-ndal oxygen, end-tidal carbon dioxide and inspired carbon dioxide concentrations achieved after four breaths and 3 min of techmques I, H, HI and IV. 
See text for details. All values are mean (range). SE = Standard error of mean, derived from crossover analysis of variance (see text) 


Inspired carbon dioxide 
concentranon (%) 


concentration (%) 


End-tidal carbon dioxide 


concentration (%) 


End-tidal oxygen 


PREOXYGENATION 


Time to take 
3 min 4 breaths 3 min 4 breaths 3 min 4 breaths (s) 


4 breaths 


Technique 


19 3 (14-26) 
26 8 (19-33) 
27.0 (18-32) 
25 7 (19-31) 
075 


1.70 (0.44.4) 

1.85 (0.4-3.4) 

0.25 (0.0-0 9) 
0.17 


0.58 (0 0-1.2) 


1.46 (0.6-3.0) 

1.72 (0.4-3 4) 

0.27 (0.0-0 8) 
013 


0 50 (0.1-1.2) 


4.65 (3 4-7.8) 
3.90 (3.0-7 2) 
0.11 


5 25 (3.7-7.0) 
4.52 (3.2-7.6) 


013 


4.86 (3 5-6.0) 


4.81 (3 2-7 3) 
4.55 (3.3~7.0) 


4.73 (3.2-7.5) 


89.9 (86-95) 
88 1 (62-96) 


90 9 (73-96) 


91.9 (78-96) 
1,2 


54.4 (37-71) 
76 4 (52-91) 
83.6 (73-90) 


89.3 (78-95) 
1.4 
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any possible bias, all values quoted were adjusted 
for possible learning and carryover effects [12]. 
These adjustments were no greater than 0.5% for 
FF'o, and 0.1% for Figg, and FE'co,. F ratios from 
analysis of variance, and associated significance 
levels for various comparisons are shown in 
table II. 

There was no difference between mean FR’, 
achieved after 3 min tidal breathing with the 
Magill system (J) (fig. 2) and four vital capacity 
breaths with the Magill-Ambu combination (IV) 
(fig. 3) (95% confidence interval for difference 
= — 4.6, 2.3). 

Three minutes tidal breathing with the Magill 
system (I) (fig. 2) resulted in a greater FE’'o, than 
four vital capacity breaths from the Magill system 
(II and III) (figs 4, 5, respectively) (P < 0.01). 
Four vital capacity breaths from the Magill system 
resulted in a greater Fg’, if expiration to residual 
volume preceded application of the face mask (III 
vs IT) (figs 5, 4, respectively) (P < 0.01). 

After 3 min of each technique there was no 
significant difference in FE’, between any of the 
groups. 

There were no significant differences between 
mean Fr’... values after four breaths of each 
technique. er 3 min vital capacity breathing 
with the non-rebreathing Magill—-Ambu combina- 
tion (IV) (fig. 3), FE’co, was less than with the 
other three techniques (P < 0.01). 

Tidal breathing with the Magill system (I) (fig. 
2) and vital capacity breathing with the non- 
rebreathing Magil-Ambu combination (IV) (fig. 
3) resulted in a lesser Figg, than vital capacity 
breathing with the Magill system (II and IIT) (figs 
4, 5, respectively) at both four breaths and 3 min 
(P < 0.01). 

The time taken to perform four tidal breaths (I) 
(fig. 2) was significantly shorter than that to take 
four vital capacity breaths (techniques II, II and 
IV) (figs 3-5) (F, sı = 23.6; P < 0.001). 


DISCUSSION 


Mean values for F£’,, achieved after 3 min normal 
tidal breathing (I) (89.9%) or four vital capacity 
breaths (II) (76.4%), from a Magill system in this 
study compare closely to values obtained by 
Russell and colleagues [8]. These results confirm 
that a simple four vital capacity breath technique 
is not as effective as 3 min of tidal breathing. 

In contrast, there was no difference in FE’o, 
achieved after 3 min tidal breathing from a Magill 
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TABLE II. F ratios and statements of probability for comparisons of mean FE% , FEco, and Fico, 
achieved with preoxygenation techniques I, II, II and IV at four breaths and 3 min. See text for details 
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Fic. 2. Inspired and expired concentrations for oxygen Fic. 3. Inspired and expired concentrations for oxygen 
(upper trace) and carbon dioxide (ower trace) during (upper trace) and carbon dioxide (lower trace) during 
technique I. technique IV. 
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Fic. 4. Inspired and expired concentrations for oxygen 
(upper trace) and carbon dioxide (lower trace) during tech- 
nique II. Note the rebreathing. 


system (I) or four vital capacity breaths from a 
non-rebreathing Magill~Ambu combination (IV). 
Fio, was maintained at or near 100% during both 
of these techniques (figs 2, 3). Therefore, four 
vital capacity breaths from the non-rebreathing 
Magill-Ambu combination is equally effective 
with 3 min tidal breathing. 

Vital capacity breathing with the Magill system 
(II and ITI), led to rebreathing of carbon dioxide 
and, presumably, nitrogen. Over four breaths this 
caused an obvious decrease in Fio, (figs 4, 5) and 
accounts for the significantly lesser mean FB’, 
achieved with these two techniques. Such 
rebreathing may have been avoided by making the 
internal volume of “corrugated” tubing equal to 
the subject’s vital capacity and fresh gas flow 
equal to the minute volume of ventilation. 
Alternatively, the fresh gas flow could be made 
equal to the subject’s peak inspiratory flow rate. 
These two options represent a less than practical 
alternative to the Magilli-Ambu combination. 

Mean Fe’), after four vital capacity breaths from 
the Magill system was improved significantly by 
expiring to residual volume before application of 
the face mask (III vs ID. This manoeuvre 
minimizes lung nitrogen content and the sub- 
sequent dilution of incoming oxygen by nitrogen 
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Fie. 5. Inspired and expired concentrations for cxygen 
(upper trace) and carbon dioxide (lower trace) during: tech- 
nique III. Note the rebreathing. 


washout. The observed improvement in Fl, (fig. 
5 vs fig. 4) and hence Fe’, is thus explained. 

Despite the use of two 2-litre reservoir pags, 
additional oxygen was necessary occasionally 
to prevent collapse of the bag during vital 
capacity breathing. As expected, this was more 
common with the non-rebreathing Magill~Ambu 
combination; unfortunately, this volume war not 
measured. Nevertheless, the total flow to the 
breathing system would not need to exceec the 
subject’s minute volume of ventilation. This 
total flow would not prevent rebreathing dcring 
vital capacity breathing from a Magill syszem, 
without an increase in the internal volume o= the 
corrugated tubing, as discussed previously. 

The combination of adjustable pressure relief 
and Ambu valves in technique IV preveated 
development of pressure and subsequent sticzing 
of the Ambu valve during inspiration. The 
combination proved easy to manage and tendei to 
isolate the subject from the unpleasant effecs of 
high gas flow during the addition of extra oxyzen. 

In this study, the face mask was applied at 
residual volume before using the Magill-Ambu 
combination. In clinical practice, the mask cculd 
be applied at any time during expiratior- to 
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residual volume, as the non-return valve prevents 
rebreathing. 

The success of any preoxygenation technique 
depends partly upon the provision of a gas tight 
seal between the patient and face mask. The 
longer the period of oxygenation, the greater the 
potential for an imperfect seal, because of operator 
fatigue or distraction, or patient intolerance. 
Previously described rapid techniques have failed 
usually to provide optimal oxygen washin, be- 
cause of rebreathing of expired gas or leaks during 
inspiration following collapse of the reservoir bag. 

The results of this study show that oxygen 
washin following four vital capacity breaths was 
equally effective with 3 min tidal breathing pro- 
vided that: rebreathing is prevented by the 
addition of a non-rebreathing valve to the an- 
aesthetic breathing system; an adequate fresh gas 
reservoir 1s used; and reservoir bag collapse 
during inspiration is avoided by the addition of 
oxygen from the emergency oxygen flush device 
when necessary. 

It is recognized that some patients may be 
unable to perform four full vital capacity breaths, 
because of either acute or pre-existing medical 
conditions. For those who are able to comply, it 1s 
suggested that this technique provides a practical, 
acceptable and effective method of preoxygena- 
tion. 
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PRETREATMENT WITH NON-DEPOLARIZING 
NEUROMUSCULAR BLOCKING AGENTS AND 
SUXAMETHONIUM-INDUCED INCREASES IN RESTING 


JAW TENSION IN CHILDREN 


C. E. SMITH, J. M. SADDLER, J. C. BEVAN, F. DONATI 


AND D. R. BEVAN 


SUMMARY 


We have studied the effect of prior administration 
of non-depolarizing neuromuscular blocking 
drugs on suxamethonium-induced increases in 
masseter muscle tension in 21 children aged 
3-10 yr, anaesthetized with nitrous oxide and 
halothane using supramaximal stimulation of the 
ulnar nerve and the nerve to masseter. Resting 
tension and isometric force of contraction were 
measured in the adductor pollicis and masseter 
muscles. A sub-paralysing dose of tubocurarine 
0.05 mg kg, a paralysing dose of atracurium 
0.5 mg kg" or saline was given, followed 3 min 
later by suxamethonium 1 mg kg™'. Onset times 
of suxamethonium and atracurium block were 
shorter in the masseter than in the adductor 
pollicis muscle. When preceded by a sub- 
paralysing dose of tubocurarine, suxamethonium 
produced an increase in masseter tension (47 
(SEM 15) g) similar to that produced by suxa- 
methonium alone (59 (13) g). Prior administra- 
tion of a paralysing dose of atracurium almost 
abolished this increase in tension (2.5 (2.5) g) 
(P < 0.05 vs saline). The tension increase in 
adductor pollicis was 0, 3.2 (2.2) and 5.9 (1.1) g 
in the atracurium, tubocurarine and saline 
groups, respectively. Tubocurarine and 
atracurium prevented muscle fasciculations in all 
patients. It was concluded that increased muscle 
tone is a normal response to suxamethonium and 
is greater in the masseter than adductor pollicis. 
Sub- paralysing doses of non- depolarizing neuro- 
muscular blockers have little effect, in contrast 
with paralysing doses. This suggests that the 
effect is mediated via postsynaptic receptors. 


KEY WORDS 


Complications: masseter spasm Neuromuscular relaxants 
atracurium, suxamethonium, tubocurarine, drug interactions 


The administration of suxamethonium may be 
associated with masseter muscle rigidity [1], the 
incidence of which was reported to be 1% of 
normal children [2]. Muscle biopsy studies in- 
dicate susceptibility to malignant hyperthermia 
(MH) in 40-60% of these patients [3, 4]. Re- 
cently, suxamethonium has been reported to cause 
increased jaw muscle tension in a large proportion 
of adults [5] and children [6] and reduced mouth 
opening and increased jaw stiffness in children 
[7, 8]. 

The mechanism of action of this phenomenon is 
unknown. Theoretically, the site could be at the 
presynaptic receptor, the postsynaptic receptor 
or the muscle itself. Pretreatment with a non- 
depolarizing neuromuscular blocker may help in 
identifying the site of action. When sub-para- 


CHARLES E. SMITH*, M.D., F.R.C.P.C.; JOHN M. Sapper, 
M.B., F.P.A.R.C.S.; JOAN C. BEVANT, M.D., D.R.C.O.G., 
F.F.A.R.C.S. ; FRANCOIS DONATI4, PH.D., M.D., F.R.C.P.C.; DAVID 
R. BsvANt, M.B., M.R.C.P., F.F.A.R.C.8.; Departments of An- 
aesthesia, Montreal Children’s Hospital and Royal Victoria 
Hospital, McGill University, Montreal, Quebec, Canada. 
Accepted for Publication: November 3, 1989. 
Present addresses : 

*Department of Cardiothoracic Anaesthesia, Cleveland 
Clinic Foundation, Cleveland, Ohio, U.S.A. 

+Department of Anaesthesia, Montreal Children’s Hospital, 
2300 Tupper Street, Montreal, Quebec, Canada. 

$McGill Department of Anaesthesia, Royal Victoria 
Hospital, 687 Pine Avenue West, Montreal, Quebec, Canada 
H3A 1Al. 

Correspondence to D.R.B. 


578 


lysing doses of such agents are used, their pre- 
vention of suxamethonium-induced fasciculations 
is most probably presynaptic in origin [9-11]. 
Much larger doses of non-depolarizing neuro- 
muscular blocker are required to produce a 
measurable effect at postsynaptic receptors. 

This study was undertaken to examine the 
interactions between suxamethonium and sub- 
paralysing and paralysing doses of non- 
depolarizing blocker, with emphasis on increases 
in masseter tension. The investigation was con- 
ducted in children aged 3-10 yr, a group of 
patients in whom this effect has been recognized 
as a normal response to suxamethonium [6]. 


PATIENTS AND METHODS 


We studied 21 children, ASA physical status I, 
aged 3—10 yr, undergoing elective day-care sur- 
gery. Institutional approval and informed parental 
consent were obtained. Patients with neuro- 
muscular, renal, hepatic or electrolyte disorders, 
or those taking medications known or thought to 
interfere with neuromuscular transmission were 
excluded. Patients with evidence of trigeminal 
nerve dysfunction, abnormal dentition or 
mandibular configuration were excluded from the 
study, as were patients with a history of atypical 
plasma cholinesterase, masseter rigidity or 
malignant hyperthermia. No premedication was 
given. Monitoring included automatic oscillotono- 
metry, electrocardiography, a precordial stetho- 
scope and an oesophageal temperature probe. 
Anaesthesia was induced with halothane and 
66% nitrous oxide in oxygen, or thiopentone 
5-7 mg kg“! i.v. Atropine 0.01 mg kg! i.v. was 
administered, and tracheal intubation was per- 
formed under deep halothane anaesthesia without 
the use of myoneural blockers. 

Supramaximal train-of-four stimulation was 
applied to the ulnar nerve at the elbow and to the 
mandibular branch of the trigeminal nerve in- 
ferior to the zygomatic arch, anterior to the 
mandibular condyle, as described previously [12]. 
Stimulation of the ulnar nerve resulted in ad- 
ductor pollicis contraction which was measured 
with a Grass F-10 force displacement transducer 
and recorded on paper. Stimulation of the tri- 
geminal nerve resulted in masseter contraction 
and jaw closure which was measured by a force 
transducer system attached to both an oral airway 
and a metal frame fixed to the operating table 
10 cm caudad to the chin. Supramaximal train-of- 
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four stimulation of the nerve to masseter was 
assured by progressively increasing the voltage 
until the jaw response had stabilized. The voltage 
was then set 15% greater than this value. 

After stabilization of adductor pollicis and 
masseter muscle twitch, seven patients in 
each group received, by random allocation, a 
sub-paralysing dose of tubocurarine 
(0.05 mg kg"), a paralysing dose of atracurium 
(0.5 mg kg~'), or saline, followed 3 min later by 
suxamethonium 1.0 mg kg 1. The time to onset, 
maximum effect and duration of suxamethonium- 
induced changes in masseter and adductor pollicis 
tensions were measured and compared using 
Student’s ¢ test with Bonferroni correction where 
applicable. Similarly, the time from injection of 
suxamethonium to 100% neuromuscular block 
and 100% recovery were measured at both 
muscles in the tubocurarine and saline groups. 
Time from injection of atracurium to 100% block 
was measured also. At the end of the study, both 
adductor pollicis and masseter force transducers 
were calibrated with known weights. Thus the 
magnitude of the imposed baseline tension, base- 
line tension change and control contraction could 
be determined for both muscles. 

Results are expressed as mean (SEM). Muscle 
fasciculations were graded as absent, fine or 
moderate to vigorous. P < 0.05 was considered to 
indicate a statistically significant difference. 


RESULTS 


The groups were similar with respect to sex, age, 
weight and height (table I). There were no 
differences in resting and control twitch tensions 
between the three groups for each muscle (table 
II). There was no change in twitch height 
following tubocurarine or saline. 

All patients had complete neuromuscular block 
of both muscles within 1 min following suxa- 
methonium (table III) and within 2 min after 
atracurium. The onset of neuromuscular block 
was faster at the masseter than at the adductor 
pollicis. For atracurium, the time to 100% T1 


"TABLE I. Patient data (mean (SEM)) 


Saline Tubocurarine Atracurium 
Sex (M/F) 6/1 4/3 5/2 
Age (months) 72 (7) 70 (8) 61 (8) 
Weight (kg) 22 (2) 23 (4) 20 (2) 
Height (cm) 120 (6) 114 (6) 110 (4) 


NMB DRUGS AND SUXAMETHONIUM-INDUCED FASCICULATIONS 


TABLE II. Resting muscle tension and control twitch height (mean (SEM)) 
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Sahne Tubocurarine Atracurium 
(g) (g) (g) 

Adductor pollicis 

Resting tension 18 (2) 30 (7) 34 (9) 

Control twitch height 114 (14) 93 (6) 85 (12) 
Masseter 

Resting tension 102 (26) 154 (27) 147 (17) 

Control twitch height 455 (56) 317 (47) 377 (44) 


TABLE III. Time to 100% depression and recovery of the first 
twitch of TOF stimulation after suxamethonium (mean (SEM)). 
* P < 005 vs adductor polhets muscle 


Saline Tubocurarine 
(min) (min) 
Adductor pollicis 
Onset 0.61 (0.07) 0.69 (0.11) 
Recovery 4.8 (0.3) 4.9 (006) 
Masseter 
Onset 0.44 (0.07)* 0.44 (0.10)* 
Recovery 4.8 (0.3) 5.3 (0.8) 


depression was 1.0 (0.2) vs 1.6 (0.3) min 
for masseter and adductor pollicis, respectively 
(P < 0.05). For suxamethonium, onset times are 
shown in table III. Suxamethonium did not alter 
the magnitude of the block in patients who 
received atracurium. 

Recovery times after suxamethonium were 
similar in both muscles. Yubocurarine pre- 
treatment did not affect either onset or recovery 
times (table ITI). 

All patients in the tubocurarine- and saline- 
treated groups exhibited increases in masseter and 
adductor pollicis tension after suxamethonium. 
The magnitude and time course of these changes 
were similar. Maximum resting changes occurred 
during maximal twitch depression. The increase 
in tension was approximately 10 times as great in 


the masseter compared with adductor pollicis. 
However, only one patient pretreated with a 
paralysing dose of atracurium demonstrated a 
detectable increase in masseter tension, and none 
of these patients had any change in adductor 
pollicis tension (table IV). Five patients, all in the 
saline group, had muscle fasciculations (two, fine 
tremor; three, moderate contractions). 


DISCUSSION 


The present study demonstrated that, although a 
sub-paralysing dose of tubocurarine was effective 
in preventing suxamethonium-induced fascicul- 
ations, it was ineffective in reducing changes in 
baseline muscle tension. However, the changes in 
masseter and adductor pollicis tension caused by 
suxamethonium were abolished by a paralysing 
dose of atracurium. The maximum increase in 
masseter muscle tone occurred at a time when 
block of neuromuscular transmission had com- 
menced or was completed. 

The differences observed between patients 
pretreated with tubocurarine and atracurium may 
have been drug induced, but are more likely to 
have been the result of different doses. Tubo- 
curarine was chosen because it is commonly used 
clinically to prevent fasciculations. The dose used 
in this study, 0.05 mg kg`t, equivalent to about 
10% of the ED,, [13], produces no detectable 


TABLE IV. Increases in resting muscle tension after suxamathonium (mean (SHM)). P < 0.05 vs masseter 
muscle; +t P < 005 vs saline and tubocurarine groups 


Saline Tubocurarine Atracurium 

Adductor pollicis 

Maximal increase (g) 5.9 (1.1)* 3.2 (2.2)* 0 

Time to onset (min) 0 29 (0,04) 0.25 (0.03) mae 

Duration (min) 1 10 (0.12) 0 72 (0.25) _ 
Masseter 

Maximal increase (g) 59 (13) 47 (15) 2.5 (2.57f 

Time to onset (min) 0 26 (0.05) 0 25 (0.07) — 

Duration (min) 1.70 (0.67) 1.70 (0.70) — 
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neuromuscular block but helps in preventing 
fasciculations [14-18]. None of the patients in this 
study demonstrated neuromuscular block after 
administration of this dose. Atracurium was 
chosen in the group which received a paralysing 
dose of non-depolarizing myoneural blocker be- 
cause the cardiovascular effects and prolonged 
duration of action of an equipotent dose of 
tubocurarine would be clinically unacceptable. 
The dose of atracurium was approximately twice 
the ED,, [13] and was probably sufficient to block 
more than 96% of receptors, while a- sub- 
paralysing dose of tubocurarine would have 
blocked fewer than 70% of receptors [19]. Thus 
the present study indicated that block of the post- 
synaptic receptors was effective in preventing 
tension increases produced by suxamethonium. 
However, a large proportion of receptors must be 
occupied before the effect is abolished, suggesting 
that only a few receptors are needed for 
suxamethonium-induced tension changes. The 
ineffectiveness of sub-paralysing doses of tubo- 
curarine in preventing tension increases suggests 
that this effect of suxamethonium is not pre- 
synaptic. In animals, only small doses of tubo- 
_curarine or vecuronium are required to abolish 
presynaptic activity [9-11] and fasciculations [9]. 
Similarly, the changes in muscle tension 
associated with suxamethonium are unlikely to be 
the effect of a direct action of suxamethonium on 
muscle, as a drug which acts at the neuromuscular 
junction effectively blocks this response. How- 
ever, it was not possible to determine if the 
postsynaptic receptors involved are junctional or 
extrajunctional. 

The present study supports the contention that 
increases in muscle tension are a normal response 
to suxamethonium in both children and adults 
[5-8]. It also suggests that the masseter is not 
qualitatively different from other muscles. 
Changes in tension were found also in the 
adductor pollicis, supporting previous work [6]. 
Interestingly, the time course of changes observed 
after suxamethonium in this study were similar to, 
although quantitatively less than, those observed 
previously in patients with myotonia [20]. This 
suggests that treatment of a myotonic response or 
masseter muscle rigidity following suxa- 
methonitum could perhaps be accomplished by 
large doses of non-depolarizing blocking drugs. 
Such abnormal responses may be considered as an 
exaggerated form of the normal pharmacological 
effect of suxamethonium [6-8]. 
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The onset of neuromuscular block was more 
rapid at the masseter than at the adductor pollicis, 
and this was demonstrated for both suxa- 
methonium and atracurium. Part of this difference 
might be explained by the greater potency of 
suxamethonium at the masseter than at the 
adductor pollicis muscle {6}. However, differences 
in circulation time and blood flow between the 
muscles probably explain most of the difference. 
Pretreatment with tubocurarine did not prolong 
the onset time or shorten its duration of action, as 
could have been expected from adult studies 
(14, 16,17]. The possibility that children might 
be different in this regard should be considered. 
Suxamethonium did not antagonize the non- 
depolarizing block produced by atracurium. Such 
antagonism has been described previously for 
non-depolarizing block in the range 50-100% 
[21-23]. In the present study, however, the block 
produced by atracurium was probably too intense 
to be antagonized. 

This study was performed in patients without 
evidence of malignant hyperthermia, and extra- 
polation of these results to responses seen after 
gsuxamethonium in that condition may be in- 
appropriate. However, if masseter spasm is an 
exaggerated form of the normal pharmacological 
response to suxamethonium, pretreatment with a 
defasciculating dose of non-depolarizing neuro- 
muscular blocker is unlikely to affect the clinical 
course. If masseter rigidity is encountered, ad- 
ministration of paralysing doses of non- 
depolarizing blockers may decrease the response, 
but this possibility has not been tested inde- 
pendently. Furthermore, this solution might be 
impossible to apply in clinical practice. Masseter 
spasm is associated usually with inability to secure 
the airway. In this case, adminstration of a drug 
which causes prolonged neuromuscular block is 
not recommended. 
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4 SECOND TIME-STUDY OF THE ANAESTHETIST’S 


INTRAOPERATIVE PERIOD 


J. S. MCDONALD, R. DZWONCZYK, B. GUPTA AND M. DAHL 


SUMMARY 


This second time-study of the anaesthetist’s 
intraoperative period was conducted at The Ohio 
State University Hospitals. The study involved a 
total of 30 anaesthetic procedures. The activities 
of the anaesthetists were videotaped and ana- 
lysed independently by three reviewers. Unlike 
our previous study, the present study was 
performed at a time when automatic non- 
invasive arterial pressure monitors, automatic 
ventilators and patient breathing circuit discon- 
nect alarms were in use. The greatest amount of 
intraoperative time of the anaesthetist (59.1%) 
was spent monitoring the patient directly 
(44.8%) or indirectly (14.3%) via patient moni- 
tors. This represented an increase from our 
previous study attributable to the increased use 
of technology in the operating room. The an- 
aesthetist still spent about 10-12% of his/her 
time completing patient records. 


KEY WORDS 


Operating rooms: personnel, anaesthetists’ time. Monitoring: 
intraoperative, patient record. 


The anaesthetist is using increasingly more tech- 
nology during surgery [1]. It would seem that this 
evolution in patient monitoring has been stimu- 
lated largely by the desire to reduce or eliminate 
anaesthesia-related mortality and morbidity. As 
technology should assist the anaesthetist’s control 
of the patient’s physiological state during surgery, 
patient monitors and other technology should 
enhance the vigilance of the anaesthetist. 

In the past 17 years, four systematic studies 
have been performed to assess the intraoperative 
activities of the anaesthetist [2-5]. Since then, 
new technological advances have been introduced, 
such as automated non-invasive arterial pressure 
measurements, low pressure alarms and venti- 


latory frequency monitors to detect patient—gas 
circuit disconnections. This study was conducted 
to determine if these technological advances have 
increased the anaesthetist’s vigilance. 


METHODS 


A time-study was made of the intraoperative 
activities of the anaesthetist during 30 surgical 
procedures at The Ohio State University Hos- 
pitals from January to March, 1985. The study 
involved 10 resident anaesthetists and three 
certified registered nurse anaesthetists (CRNA). 
Each CRNA undertook one of the anaesthetic 
procedures; the remaining 27 procedures were 
distributed among the 10 resident anaesthetists 
with no one resident having undertaken more 
than five procedures. 

The patients were undergoing general, gynae- 
cological or ENT procedures which lasted from 
0.20h to 4.67h (mean 1.37 (sp 1.01) h). In- 
formed written photographic consent was ob- 
tained from the patient in the procedures. The 
anaesthetist was informed orally that s/he was the 
subject of the study, which had institutional 
approval. 

The study was conducted in one operating 
room. The anaesthesia machine, drug trolley and 
operating table were arranged around, and 
approximately equidistant from, the anaesthetist. 
Monitoring equipment was located on or adjacent 
to the anaesthesia machine. The anaesthesia 
ventilator was attached to the anaesthesia ma- 
chine. The patient breathing systems were equip- 
ped with automatic disconnection alarms. 
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TIME-STUDY OF THE ANAESTHETIST 


Information gathering 

The activities studied (fig. 1) were those 
performed by the anaesthetist during the entire 
intraoperative period. A single direct patient 
monitoring activity was defined, and included all 
activities during which the anaesthetist had visual 
or tactile contact with the patient and a view of the 
surgical field. All of the anaesthetists used an 
oesophageal stethoscope during the procedures; 
however, for obvious practical reasons auditory 
patient contact was not recorded in the study. The 
indirect patient monitoring activity encompassed 
all patient monitoring performed via instru- 
mentation. ~ 

The anaesthetists’ activities were recorded on 
video tape (with sound) via a stationary camera 
mounted from the ceiling of the operating room. 
The video recorder was located in a separate 
room. The field of the camera included the 
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anaesthesia machine, drug trolley, all patient 
monitoring equipment and about 30% of the 
operating table closest to the anaesthetist. The 
patient’s urine container and operating table 
controls were in the field of the camera. 

The video tapes of the procedures were re- 
viewed separately by three individuals: a senior 
faculty anaesthetist, a junior faculty anaesthetist 
(first year faculty member), and a non-clinical 
department staff member. A comptter program 
was written to input, compile and analyse the 
activity data. The reviewers recorded the be- 
ginning of each event (an occurrence of a defined 
activity) by pressing the associated key on the 
keyboard of the computer. The program moni- 
tored the time and duration of each event. At the 
end of each review, the program calculated the 
total time spent on each activity during the case, 
in addition to the distribution of that time over 
the duration of the case. 


TABLE I. Summary of the procedure data by reviewer 


Senior Faculty 
Anaesthetist 


Number of cases analysed 30 
Shortest case (min) 10.6 
Mean case duration (min) 
Longest case (min) 


Mean number events /case 


279.1 


Direct patient monitoring 
indirect patent monitonng 
Record-keeping 
Communication, patent related 
lv cannulae 

Anaesthesia machine 

Drug trolley, patient related 
Drug administration 
Unclassified time 
Communication, patient unrelated 
Breathing system 

Surgical table 

Urine measurement 

Drug trolley, patent unrelated 
kie tme 


82 4 (60.7) 


450 (318) 


Reviewer 


Non-clinical 


Jumor Faculty 
Anaestheti Staff 


ehist 


29 30 
12.5 121 
79,2 (59.5) 85.7 (60.9) 
280 0 281 7 
184 (122) 414 (279) 


10.0 30.0 50.0 


Z of procedure duration 


Fig. 1. Overall time spent by the anaesthetist at each activity (mean (sD) of the three reviewerr). 


584 


RESULTS 


The three reviewers were in close agreement in 
terms of duration of the case (table I). The most 
striking difference was in the number of events 
per case recorded by the senior resident (184 
(122)) in comparison with that recorded by the 
faculty anaesthetist (450 (318)) and the non- 
clinical staff member (414 (279)). This difference 
did not appear to affect the results of the overall or 
distributed time analysis (figs 1, 2). 

On average, the anaesthetist spent the greatest 
portion of his/her time (59.1%) monitoring the 
patient either directly (44.8%) or indirectly 
(14.3%) (fig. 1). The next largest portion of time 
was spent on record-keeping duties (10.9%). The 
anaesthetist spent less than 10% of his/her time 
per case at any of the other defined activities for a 
total of 30.1% of case time. Direct patient 
monitoring by the anaesthetist reached an ebb in 
the middle of the procedure, while indirect patient 
monitoring and record-keeping peaked during the 
same period (fig. 2). 


DISCUSSION 


A comparison between the results of this study 
and those of our earlier time—motion study [5] 
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W Direct patient monitoring 


[C] Indirect patient monitoring 
= Record- keeping 


S 
© 


2 of procedure duration 


Ò 
© 





End 


Middle 
Procedure segment 
Fic. 2. Distribution of direct and indirect patient monitoring 
time and record-keeping time during the beginning 30%, 
middle 40 % and last 30 % of the procedure (mean (sp) of the 

three reviewers). 


Beginning 


reveals some interesting and encouraging differ- 
ences in the way the anaesthetist now spends 
his/her time in the operating room (table II). 
Compared with the earlier study, two-and-a-half 
times as much intraoperative time was spent 
directly monitoring the surgical patient. Nearly 
twice the time was spent indirectly observing the 


TABLE II. Percent of time spent on 11 actiwities. Comparison between results of present study and those of 
the 1980 study. The data are presented as the mean (SD) of the mumber of procedures reviewed 


1985 (Present study) 
1980 Senior Faculty Junior Faculty Non-clinical 

Activity Study [5] Anaesthetist Anaesthetist Staff 
Direct patient 16.8 53.5 38.7 42 1 
monitoring (11.2) (14.5) (11.5) (13.6) 
Indirect patient 8.5 12.8 16.8 13.2 
monitoring (7.7) (6.1) (7.6) (5.4) 
Record-keeping 12.1 10.3 11.4 11.1 
(3.8) (5.7) (4.2) (5.9) 

Anaesthesia 4.8 4.5 4.7 4.8 
machine (3.0) (3.0) (4.2) (3.0) 
Lv. cannulae 5.6 4.9 4.1 7.0 
(3.1) (4.6) (4.3) (5 6) 

Breathing system 25.1 0.8 1.0 3.5 
(14.0) (0.7) (0.9) (2.8) 

Surgical table 1.9 1.0 1.3 0.7 
(1.3) (1.3) (1.6) (1 4) 

Drug-related 5.1 5.1 7.1 7.1 
activities (2.7) (4.8) (6.3) (10.2) 
Communication 8.7 3.5 13.2 6.8 
(5.1) (5.5) (12.7) (8.3) 

idle time 4.4 0.0 0.4 0.3 
(7.1) (0.0) (1 9) (0.9) 

Unclassified time 7.0 3.6 13 3.4 
5 (3.5) (4.3) (2.7) (4.3) 
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patient via the monitors. In the previous study, 
the patients underwent manual ventilation of the 
lungs. It appears that the anaesthetist allocated 
most of the time previously spent checking the 
circle system and performing ventilation to patient 
monitoring tasks. 

The percentage of time the anaesthetist spends 
during an operation in completing the patient 
record has not changed to any great extent. In this 
respect our results corroborate those of Kennedy 
and colleagues [3]. It may be that this degree of 
intraoperative time (10-15 %) is the least amount 
of time required to complete this task manually. 

It appears that the anaesthetist likes to work on 
record-keeping in the middle of the case, perhaps 
at the expense of direct patient monitoring. The 
results from this study suggest that the anaesthetist 
may substitute indirect monitoring for direct 
monitoring as s/he sits and completes the patient 
record. 

Kennedy and colleagues [3] noted that among 
the primary intraoperative objectives of the an- 
aesthetist is observation of the patient and the 
monitoring equipment. We have seen from the 
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results of this study that the anaesthetist has 
shifted his/her time from the mechanics of 
anaesthesia delivery to observation of the patient, 
and this might be expected to result in better case 
management. Another 10-12 % of intraoperative 
time could be re-allocated to patient observation if 
we had an automatic or semi-automatic system for 
generating the intraoperative patient record; such 
systems are appearing on the market at the present 
time. 
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MIDAZOLAM AND FLUMAZENIL IN THE ANAESTHETIC 
MANAGEMENT OF TRIGEMINAL NERVE 


THERMOCOAGULATION 


A. W. HARROP-GRIFFITHS, N. A. WATSON AND D. A. JEWKES 


SUMMARY 


A technique is described for the anaesthetic 
management of trigeminal nerve thermocoagul- 
ation by administration of repeated doses of 
Midazolam and tumazenil. “Wake-up” times 
after administration of flumazenil in 20 patients 
were shorter than those reported during spon- 
taneous recovery from methohexitone or propo- 
fol anaesthesia. The midazolam dose required for 
a second phase of sedation after antagonism of 
the first with flumazenil was significantly less 
than that for the first phase of sedation. There 
was no evidence of postoperative resedation. 
Reversal of sedation was associated with an 
increase in arterial pressure. 


KEY WORDS 


Trigeminal neuralgia: treatment. Anaesthetic techniques: 
sedation. Hypnotics, benzodiazepine: midazolam. Antago- 
nists, benzodiazepine: flumazenil. 


Percutaneous trigeminal nerve thermocoagulation 
[1] is used extensively for the treatment of patients 
suffering from trigeminal neuralgia. The pro- 
cedure used in our hospital requires an anaesthetic 
technique which includes a period of sedation 
followed by recovery to allow responsiveness and 
co-operation by the patient, and then a second 
cycle of sedation and recovery. Techniques de- 
scribed previously have included the use of short 
acting i.v. anaesthetic and analgesic agents, after 
which patient responsiveness was achieved by 
allowing spontaneous recovery. 

We describe an anaesthetic technique based on 
the intermittent administration of midazolam to 
provide sedation and flumazenil, a specific benzo- 
diazepine antagonist [2], to antagonize sedation 
and permit patient co-operation. A study is 


reported of the dose requirements for the two 
drugs, and of the occurrence of postoperative 
resedation. 


PATIENTS AND METHODS 


Sedation technique 


Sedation was induced with alfentanil 10 ug kg} 
and midazolam 0.1 mg kg“ and titrated to little or 
no patient response to painful stimulation with 
further doses of midazolam 0.05 mg kg™ at inter- 
vals of no less than 2min. Using anatomical 
landmarks, a radiofrequency probe was passed 
through the foramen ovale. Confirmation of 
correct needle tip placement was sought by serial 
x-rays and, if necessary, the needle repositioned 
until correct placement was achieved. Sedation 
was then antagonized with flumazenil 2 pg kg? 
and titrated to the point of co-operation with 
simple instructions, with further doses of fluma- 
zenil 1 ug kg! at intervals of no less than 2 min. 
The distribution of paraesthesiae produced by 
low frequency stimulation via the probe was 
determined and the probe repositioned if necess- 
ary. 

Sedation was re-induced with alfentanil 
5 ug kg and midazolam 0.1 mg kg™, and further 
doses of midazolam 0.05 mg kg“! at intervals of no 
less than 2 min as necessary. Thermocoagulation 
of the nerve was performed for 5 min at 70 °C. 
Sedation was antagonized with flumazenil 
2ugkg and with further doses of flumazenil 
l pg kg`t, given at intervals of no less than 2 min 
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TRIGEMINAL THERMOCOAGULATION 


as necessary. Analgesia to pinprick was confirmed 
in the cutaneous distribution of the division of the 
trigeminal nerve that had been coagulated. 

If thermocoagulation was unsuccessful the 
needle was repositioned, low frequency stimu- 
lation repeated, and the last two phases of the 
procedure repeated. 


Patients and assessments 


Three methods were used for assessment of 
sedation: a novel sedation score (table I) which 
allowed a standardized objective assessment of the 
degree of sedation, the critical flicker fusion 
threshold test (CFFT) [3, 4] and the P-deletion 
test [5]. 

We studied 20 consecutive patients presenting 
for trigeminal nerve thermocoagulation. Ex- 
clusion criteria included: a history of epilepsy, 
chronic benzodiazepine therapy or previous ad- 
verse reactions to benzodiazepines. At a pre- 
operative visit, informed verbal consent was 
obtained. No premedication was administered. 
Monitoring during the procedure comprised con- 
tinuous electrocardiogram and finger oxygen 
saturation (Biox 3700, Ohmeda) and intermittent 
automated non-invasive arterial pressure (Accu- 
torr, Datascope). Oxygen 4 litre min` was 
administered via nasal cannulae. 

After operation, the patients were transferred to 
a recovery room where they were observed 
continuously by one of the authors for 2h. 
Supplementary oxygen was not given. Heart rate, 
arterial pressure and oxygen saturation were 
recorded at 15-min intervals during this period. 

Sedation scores were recorded before operation, 
during each phase of the procedure, at 15-min 
intervals during the first 2 h after operation, and 
again 4h after operation. CFFT and P-deletion 
tests were performed before operation, at 30-min 
intervals for 2h after operation, and again 4h 
after operation. 

Data were analysed using paired Student’s t 


TABLE I. Sedation score 
Degree of sedation 
3 Fully awake and alert 


2 Mild sedation; able to answer questions and co- 
e 
1 Moderate sedation; cannot answer questions and 
co-operate 
0 Heavy sedation; minimal response to painful 
stimulus 
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tests, repeated-measures analysis of variance and 
the Student-Newman—Keuls test. Mean values 
are reported with one standard deviation of the 


. mean. A value of P < 0.05 was considered sig- 


nificant. 


RESULTS 


The mean age of the patients was 62.9 (sp 10) yr 
and the mean weight was 75.5 (11.2) kg. All were 
receiving regular carbamazepine therapy. The 
mean durations of the first and second sedation 
phases were 30.7 (12.7) min and 7.0 (1.1) min, 
respectively. The mean durations of the first and 
second phases of antagonism were 7.0 (3.0) min 
and 3.6 (1.6)min, respectively. Five patients 
required a third cycle of sedation and antagonism, 
one receiving a fourth and fifth cycle to achieve 
successful thermocoagulation. The technique was 
found to be easy to apply and acceptable to 
patient, anaesthetist and surgeon. 

The mean dose of midazolam required for the 
first sedation phase was 0.29 (0.17) mg kg™, while 
the mean dose for the second sedation phase was 
0.13 (0.05) mg kg? (P < 0.001). Dose require- 
ments for flumazenil for the first and second 
phases of antagonism were 2.9 (1.4) ug kg and 2.8 
(1.5) pg kg, respectively (ns). The time intervals 
between administration of the first dose of 
flumazenil and the achievement of a sedation 
score of 3 or 2 (wake-up times), were 4.3 (2.1) min 
and 3.9 (1.7) min for the first and second phases of 
antagonism, respectively (ns). 

There was no evidence of resedation during the 
4-h period of postoperative assessment (figs 1, 2). 
At no time during the postoperative period did 
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Fic. 1. Mean (sp) sedation score following sedation and re- 

sedation with alfentanil] and midazolam and antagonism with 

flumazenil. C = Control; S1 = first sedation phase; Al = first 

phase of antagonism; $2 = second sedation phase, A2 = 

second phase of antagonism. Time (min) = time after com- 
pletion of second phase of antagonism. 
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Fig. 2. Mean (sp) critical flicker fusion (CFF) threshold and 

mean ($D) number of lines completed in the P-deletion test. 

C = control. Time (min) = time after completion of second 

phase of antagonism. *Significantly different from control 
(P < 0,05), 


any patient cause concern in respect of airway 
maintenance or protection. Heart rate decreased 
gradually during and after the procedure. Mean 
arterial pressure decreased by 10% during the 
first sedation phase, increased by 30% in the first 
phase of antagonism and gradually decreased 
thereafter (fig. 3). 


DISCUSSION 


Several techniques have been described for the 
anaesthetic management of trigeminal nerve 
thermocoagulation, including use of metho- 
hexitone [6, 7], droperidol, fentanyl [8,9], Al- 
thesin, etomidate [9] and propofol [10]. Lowe and 
colleagues [9] stressed the importance of an 
anaesthetic technique which provided effective 
sedation and rapid recovery to a state of orien- 
tation and co-operation. The sedation provided in 
our study by alfentanil and midazolam was found 
to be effective, acceptable and of rapid onset. Our 
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wake-up times during the first and second phases 
of antagonism were 4.3 and 3.9 min, respectively, 
substantially less than the 5 min or longer ob- 
tained by Kytta and Rosenberg with metho- 
hexitone and propofol [10]. It is likely that faster 
wake-up times could have been achieved if the 
trial procedure had not limited us to small initial 
doses of flumazenil and fixed top-up intervals. 

The difference in dosage requirements for 
midazolam for the first and second sedation phases 
is likely to be caused by two factors. First, the 
duration of the first sedation phase was sub- 
stantially longer than that of the second sedation 
phase, largely as a result of the time required to 
take and process the x-rays. Further doses of 
midazolam were necessary during this time to 
maintain an appropriate depth of sedation. Se- 
cond, a relatively greater degree of sedation was 
required in the first sedation phase (where the 
patients were sedated from a fully conscious state) 
than in the second sedation phase (when the 
patients were already mildly sedated (fig. 1)). 

The elimination half-life of flumazenil (54 min 
[11]) is less than that of midazolam (2.5h [12]). 
Therefore, resedation may occur following an- 
tagonism of benzodiazepines with flumazenil, and 
concern has been expressed about its potential 
dangers [13]. Resedation has been reported fol- 
lowing antagonism of benzodiazepines in a wide 
range of clinical situations [14]. 

The lack of evidence of resedation in this study 
may be explained by two observations. First, we 
were not attempting to return the patients to 
normal consciousness, unlike the majority of 
workers who have demonstrated resedation. 
Second, the relatively large doses of flumazenil 
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Fic. 3. Mean (SD) heart rate and mean (SD) arterial pressure following sedation and resedation with 

alfentanil and midazolam and antagonism with flumazenil. C = Control; SI = first sedation phase; 

Al = first phase of antagonism; S2 = second sedation phase; A2 = second phase of antagonism. Time 
(min) = time after completion of second phase of antagonism. 


TRIGEMINAL THERMOCOAGULATION 


used by these workers suggest a much greater 
degree of benzodiazepine sedation than occurred 
in our study, in which the mean dose of flumazenil 
required was close to the “minimal effective 
dose” of 0.2 mg suggested by Amrein and col- 
leagues [15]. 

The occurrence of hypertension during thermo- 
coagulation of rootlets of the trigeminal nerve is 
well recognized [16]. It is possible that we were 
unable to demonstrate a substantial increase in 
arterial pressure during thermocoagulation (i.e. 
the second sedation phase) as a result of the use of 
intermittent non-invasive monitoring. However, 
increases in arterial pressure [17] and plasma 
concentrations of noradrenaline [18] have been 
reported after the use of flumazenil. It is therefore 
possible also that the 30% increase in mean 
arterial pressure seen after the administration of 
flumazenil in the first phase of antagonism may 
have masked an increase in arterial pressure which 
may have been expected to occur during thermo- 
coagulation—that is, during the second sedation 
phase. 
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EFFECTS OF MIDAZOLAM ON MEDIAN NERVE 
SOMATOSENSORY EVOKED POTENTIALS ł 


T. B. SLOAN, M. L. FUGINA AND J. R. TOLEIKIS 


SUMMARY 


We have studied the effect of i.v. midazolam on 
median nerve somatosensory evoked potentials 
(SSEP) in 10 unpremedicated adults. Anaes- 
thesia was induced with midazolam by bolus 
administration (0.2 mg kg) followed by in- 
fusion (5 mg h-'). The latency and amplitudes of 
the SSEP responses over the second cervical 
vertebrae (SC2) and sensory cortex (P17, N20, 
P25) were recorded before and for 10 min after 
induction. Data were analysed over that period 
for time-related alterations. Small but statistically 
significant increases in latency of the cortical 
N20 (P <0.005) and P25 (P < 0.007) waves 
and interwave conduction times of SC2 to P25 
(P < 0.005) and N20 to P25 (P < 0.021) were 
observed. Cortical amplitude (N20-P25) de- 
creased significantly (P < 0.012), to approxi- 
mately 60% of baseline. These results demon- 
strated that midazolam produced a depression of 
cortical SSEP amplitude without clinically sig- 
nificant alterations in latency. 


KEY WORDS 


Hypnotics, benzodiazepines: 
somatosensory evoked potentials. 


Midazolam Monitoring 


Several studies have examined the effects of 
various anaesthetic agents on median nerve 
somatosensory evoked potentials (SSEP). An 
opioid-based anaesthetic technique is often 
chosen for spinal procedures, and adjuvant drugs 
should be chosen carefully to ensure lack of 
awareness. 

Midazolam, a water-soluble imidazo~benzo- 
diazepine, has sedative and amnesic properties, 
and is a suitable adjuvant drug for opioid-based 
anaesthesia. In studies comparing it with thio- 
pentone, midazolam required fewer adjuvant 
drugs for maintenance of anaesthesia, produced 


greater amnesia and was associated with fewer 
emergence complications [1, 2]. Furthermore, its 
pharmacokinetics make it suitable for adminis- 
tration by infusion [3]. 

We have found that total i.v. anaesthesia can be 
produced in adults for surgical procedures re- 
quiring SSEP monitoring with a midazolam- 
opioid technique. It is important to identify the 
anticipated alterations in the SSEP caused by 
midazolam. However, few studies have examined 
the effects of midazolam on the SSEP. The 
present study was designed to examine the time- 
related alterations in median nerve SSEP when 
unpremedicated adults were given an induction 
dose of midazolam followed by a continuous 
infusion. 


PATIENTS AND METHODS 


Ten ASA Class I and II adult patients scheduled 
to undergo lumbar spinal surgery with SSEP 
monitoring gave written informed consent to 
participate in this study, which was approved by 
the Institutional Review Boards. Patients with 
possible neurological abnormalities in the median 
nerve pathway or intracranial pathology were 
excluded. 

Unpremedicated patients came to the operating 
room, where a catheter was inserted i.v. and the 
overnight fluid deficit replaced over 30 min using 
5% glucose in lactated Ringer’s solution. Routine 
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monitoring included a precordial stethoscope, 
spirometer, continuous electrocardiogram, auto- 
mated oscillotonometry, pulse oximeter, tempera- 
ture and end-tidal carbon dioxide measurement. 

SSEP were recorded using techniques described 
previously [4]. Active recording electrodes were 
placed over the spinal cord at the inion (SC2) and 
over the sensory cortex for the hand. Using the 
International 10—20 System, the cortical electrodes 
were located at C,’ and C,’. A reference electrode 
was placed at F, and a silver-silver chloride 
grounding electrode placed on the shoulder. All 
electrode impedances were less than 3000 Q, and 
interelectrode impedance differences were less 
than 10009. Using a bipolar bar electrode, 
median nerve SSEP were generated from a single 
arm using stimulation of the median nerve at the 
wrist. Stimulation at 5.7 Hz was with constant 
current, 300-ps duration, square-wave pulses at 
intensities 1 mA greater than the motor threshold. 

Each averaged waveform consisted of 250 
artefact-free responses acquired using a Nicolet 
CA-1000/DC-2000 signal averager (Nicolet Bio- 
medical, Madison, Wisconsin) with bandpass 
filtration of 5-250 Hz (60-Hz notch filtration was 
not used) and an analysis window of 50 ms. All 
data were stored on magnetic discs for later 
analysis. 

After acquisition of duplicate baseline record- 
ings, midazolam 0.2 mg kg” was given i.v. over 
30 s, followed by an i.v. infusion of midazolam 
5mgh. The midazolam was administered in 
lactated Ringer’s solution with 5% glucose. At 1- 
min intervals for 10 min after administration, the 
SSEP, arterial pressure (AP) and heart rate (HR) 
were recorded and ventilation was assisted manu- 
ally as necessary with a facemask using 40% 
oxygen in air to maintain an end-tidal carbon 
dioxide partial pressure of 4.7-6.0 kPa. All pati- 
ents had rectal temperatures >36.5°C. At the 
conclusion of the study, the patients were given 
hyoscine 0.4 mg i.v. and the midazolam infusion 
continued. Sufentanil and pancuronium were 
administered, the trachea intubated and the 
surgery performed. Posterior tibial nerve SSEP 
responses recorded from the appropriate re- 
cording location were used for monitoring during 
operation. 

The waveforms of stored averages were recalled 
after the study. The post-stimulus peak latency of 
the major cervical negative wave (SC2) (approxi- 
mately 15ms) and the peak latencies of the 
primary cortical response waves (P17, N20 and 
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P25) were measured and recorded. Conduction 
times (CT) were calculated as the time interval 
between various peaks. Wave amplitudes were 
calculated as the voltage difference between the 
positive or negative peak and the following peak of 
opposite polarity. 

SSEP latencies, conduction times, amplitudes 
and arterial pressure (systolic and diastolic) and 
heart rate were compared from 0 to 10 min using 
a Friedman two-way analysis of variance. Differ- 
ences were confirmed with the Wilcoxon matched 
pairs signed rank test. Data were considered 
statistically significant when P < 0.05. 


RESULTS 


We studied six women and four men aged 
24-64 yr (mean 45 yr). The average height was 
170 cm (range 162-187 cm) and weight 77 kg 
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Fig. 1. SSEP responses recorded from the cervical and cor- 
tical electrodes as detailed in the text are shown before and at 
l-min intervals after the injection of midazolam in one 
patient. The cervical spinal cord response (SC2) was recorded 
so that a negative response at the active electrode 1s upward. 
The cortical response peaks (P17, N20, P25) were recorded 
so that a positive response at the active electrode is upward. 
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TABLE I. Effects of midazolam on SSEP latency and amplitude and cardiovascular variables (mean (SD)). * P < 0 05 compared 





with basekne 
Baseline 1 min 2 min 5 min 10 min 

Latency (ms) 

SC 14.8 (1 0) 16.1 (1 6) 14.9 (1.2) 15104 15.1 (1.3) 

P15 17.4 (0.9) 17.7 (1.9) 17.6 (1.2) 17.7 (1.5) 17.7 (1.5) 

N20 20 6 (1.8) 20.3 (1.6)* 20.2 (1.6)* 20.6 (1 5) 20.9 (2.8) 

P25 25 1 (2.9) 23.9 (2 8)* 24.1 (2.6)* 24.7 (2.8) 25 1 (2.8) 
Amplitude (pV) 

SC 1,94 (0.93) 2.66 (1.04) 2.01 (1.05) 2.12 (1.15) 2.38 (1 22) 

P15 1 04 (0.88) 0 76 (0.57) 0.59 (0.33) 0.66 (0.41) 0.76 (0.60) 

N20 2 22 (1.25) 1.77 (1.24) 1 79 (1.21) 1.18 (0.77) 1.32 (0.67) 

P25 2.35 (2.21) 2.16 (1.78) 1.96 (1.84) 1.49 (0.92) 1.62 (0.93) 

N20-P25 change * k * * 
Cardiovascular variables 

SAP (mm Hg) 129 (15) 126 (14) 121 (16) 117 (13) 113 (17) 

DAP (mm Hg) 80 (9) TT (11)* 76(11)* 72 (11)* 72 (12)* 

HR (beat mint) 80 (17) 88 (14)* 88 (14)* 83 (14) 81 (15) 


(range 57—109 kg). All patients were unrousable 
during the study and tolerated it well. Upon 
questioning, none recalled the study or intra- 
operative period. 

SSEP tracings were acquired from all the 
patients during the study period. Figure 1 shows 
the cervical and cortical recordings from one 
patient. The measured peaks are marked (SC2, 
P17, N20, P25). The mean data and sp are shown 
in table I. 

Statistically significant reductions occurred in 
the latency of the later cortical peaks N20 (P < 
0.005) and P25 (P< 0.001) at 1-2 min after 
administration of midazolam, with small absolute 
changes in latency. The conduction times (inter~ 
wave latencies) showed similar small reductions 
and were statistically significant for SC2 to P25 
(P < 0.005) and P17 to P25 (P < 0.021). 

The major waveform alterations consisted of 
reductions in amplitude (fig. 1). The cervical 
spinal amplitude (SC2) tended to increase (13 %), 
whereas the cortical peak amplitudes tended to 
decrease to about 51-63% of baseline values. 
Only the change in N20 to P25 amplitude was 
significant (P < 0.012). 

The systolic and diastolic arterial pressures 
decreased slightly and heart rate increased initially 
then decreased toward baseline (table I). 


DISCUSSION 


Midazolam is useful as an i.v. adjunct during 
general anaesthesia for procedures utilizing 
evoked potential monitoring. The effects of mida- 


zolam on median nerve SSEP were determined so 
that they might be differentiated from neural 
alterations resulting from positioning, spine 
manipulations and adverse alterations in intra- 
cranial dynamics. 

The major effects of midazolam were a re- 
duction in amplitude of the cortical peaks, which 
were reduced to approximately 60% of baseline 
values after 2~3 min. These varied somewhat for 
individual patients with the maximal amplitude 
reductions being to 10-12% of baseline values. 
No apparent relationship was seen between effect 
and patient weight. 

Unlike the amplitude changes, the latencies of 
the spinal cord and cortical peaks, in addition to 
the inter-wave latencies (conduction times) were 
not affected to a marked degree. Although stat- 
istical significance was achieved for some laten- 
cies, the clinical significance of these observed 
changes is questionable. Those latency changes 
which did occur appeared to be resolved largely 
by 4-5 min after injection. 

These changes in amplitude and latency are 
similar to those seen by Suzuki and colleagues 
in rats with cortical SSEP from upper lip stimu- 
lation [5]. They observed a dose-related reduction 
in cortical amplitude which ranged from 57.4% to 
24.6% of baseline. Even with the larger reduc- 
tions, latency changes could not be detected. 

The amplitude changes observed in this study 
and by Suzuki and colleagues differ from those 
seen by Koht and colleagues [6]. They examined 
the effect of a larger dose of midazolam 
(0.3 mg kg, followed by an infusion of 
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0.2 mg kg? h™) in 10 adult patients. They noted 
an approximate 27 % decrease in amplitude of the 
N20-P25 wave which did not achieve statistical 
significance and an increase in the N20 latency 
and the SC2—N20 inter-wave conduction time. 
However, conduction times and cortical latency 
were not stated for the initial time period, so a 
direct comparison cannot be made with this study 
during the time of maximal change. These 
differences may be caused by the different doses 
of midazolam and by the fact that the data of Koht 
were pooled over three 8-min periods. This may 
have masked the observation of significant 
changes occurring within these time periods, such 
as the transient changes in latency seen in the 
current study. Alternatively, differences may have 
resulted from differing patient populations or 
techniques of evoked potential stimulating and 
recording. 

The small changes in latency observed with a 
dose of midazolam suitable for induction of 
anaesthesia, suggest that major latency changes 
are unlikely. Thus latency changes following 
administration of midazolam may be indicative of 
other deleterious factors (e.g., positioning). This 
is in contrast to amplitude changes, in which a 
reduction of 50-60% of baseline values may be 
anticipated for the cortical components. In the 
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case of initially small amplitudes, midazolam may 
not be as suitable for SSEP monitoring as drugs 
such as etomidate that may enhance cortical 
responses [7]. 
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ALTERATIONS OF “SLEEPING TIME” IN THE RAT 
INDUCED BY DRUGS WHICH MODULATE CENTRAL 


MONOAMINERGIC SYSTEMS 


A. ANGEL AND A. B. A. MAJEED 


SUMMARY 


The effects of adrenoceptor agonists and antago- 
nists have been determined on “sleeping time” 
in the rat—that is, with the animal immobile and 
adopting a sleeping posture. Alterations in their 
gross behaviour patterns were assessed also. The 
specific G-adrenoceptor agonists (yohimbine, 
WY 26393, RX 781094 and RS 21367) de- 
creased sleeping time, as did the B-adrenoceptor 
agonist clenbuterol. The specific a-adreno- 
ceptor agonist clonidine gave a large increase in 
sleeping time at doses in excess of 25 ug kg”. 
The same effect was seen with the B-antagonist 
propranolol and the specific B.-antagonist ICI 
778557. 


KEY WORDS 
Brain. central monoamines. Sleep. 


It is widely accepted that the majority of central 
noradrenergic CNA) neurones originate in the 
locus coeruleus (LC) [1]. From this small pontine 
nucleus the dorsal noradrenergic bundle (DNB) 
ascends to innervate the thalamus, hypothalamus, 
the basal telencephalon and the entire neocortex 
[2-6]. With its extensive distribution, it is not 
surprising to find that the LC is implicated in 
neuronal modulation over a large part of the 
brain. It appears that the LC may play a role in 
paradoxical sleep, attentional processes, modu- 
lation of electrophysiological responses of cerebral 
cortical neurones, the regulation of autonomic 
output and the mechanisms underlying vigilance 
and behavioural arousal [7—13]. 

Angel and Mason [14] showed that, in the rat, 
destruction of the DNB with the selective neuro- 
toxin 6-hydroxydopamine potentiates barbiturate 
anaesthesia. From this observation, another role 


for the LC system was proposed: the modulation 
of action of barbiturate-like drugs. Subsequent 
investigations [15] showed that i.p. injection of 
some adrenoceptor agonists and antagonists given 
before thiopentone could produce significant 
changes in the duration of the resultant anaes- 
thesia. It was suggested that these drugs might 
influence the overall activity of the LC systems 
which, in turn, could alter the coerulear modu- 
lation of cortical arousal, wakefulness or the 
processing of sensory information and thus affect 
the duration of the anaesthetic effect. 

However, behavioural studies in other labora- 
tories have showh wide ranging psychotropic 
effects induced by adrenoceptor agonists and 
antagonists in man and animals. For example, 
drugs which caused a prolongation of thiopentone 
anaesthesia (clonidine and propranolol) have been 
reported previously to possess sedative [16] and 
tranquillizing actions [17], respectively. These 
effects would imply a general depressant action on 
the central nervous system. Generally, if two 
sedatives are administered concurrently, a simple 
additive or potentiating effect of one upon the 
other would be observed. Conversely, a central 
nervous stimulant would be expected to antago- 
nize the depressant action of an anaesthetic [18]. 
It is thus possible that drug-induced alterations of 
the duration of action of anaesthetic agents might 
have been caused solely by non-specific drug— 
drug interactions per se and not by any modulatory 
action of a noradrenergic system implicated in the 
action of the anaesthetic. Consequently, experi- 
ments have been performed to assess the action of 
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drugs which modulate the effectiveness of the 
central noradrenergic pathways to see if they had 
any effect upon natural sleep in the unanaesthe- 
tized rat. Brief reports of this work have appeared 
elsewhere [19, 20]. 


MATERIALS AND METHODS 


Male albino rats (Sheffield strain) in the weight 
range 200-300 g were housed in groups of three 
and allowed free access to food and water except 
for the short period of testing. 


Determination of sleeping time 

The animals were placed singly in a rat cage 
suspended upon a movement transducer [21]. 
Briefly, this consisted of a length of silicon rubber 
tubing filled with mercury and connected as one 
arm of a Wheatstone bridge, the output of which 
was amplified, full-wave rectified and integrated 
over l-s periods. The integrated signal was 
displayed on a pen recorder. After a 30-min 
period of acclimatization the animals were treated 
with either a drug (made up in normal saline) at 
concentrations to keep the volume of injectate to 
2 ml kg~!, or saline alone. The total amount of 
“sleeping time”, defined as the total amount of 
time during which the activity from the transducer 
did not exceed baseline, during the period 
20-80 min after injection of drug was then 
determined. The baseline activity for the animal 
was represented by the level of activity recorded 
during the pre-injection period when the animal 
was immobile and had adopted a sleeping posture. 
All experiments were carried out at the same time 
of day for each animal in a quiet room. Each 
animal was investigated as its own control and for 
drug treatments. The animals were housed under 
normal conditions of 12-h light-dark cycle and 
the experiments were performed between 10:00 
and 16:00—that is, during the normal sleeping 
period. 

Mean value of sleeping time from control and 
treated animals were compared for statistical 
difference using Student’s two-tailed t test. 


Drugs 

The following drugs were used in this study: 
clonidine hydrochloride and clenbuterol (Boeh- 
ringer & Ingelheim); propranolol, yohimbine HCl 
and pyrogallol (Sigma); 2[2-(1,4-benzo- 
diaxonyl)]-2-imidazoline HCl (RX 781094, 
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Reckitt & Colman); 2(l-ethyl-2-imidazolyl 
methy])-1,4-benzodiaxan (RS 21361, Syntex); N- 
[28,1 1ba)-1,3,4,6,7,11b-hexahydro-2H-benzo- 
(a)-quinolizin-2-yl]-N-methylpropane sulphon- 
amide HCl (WY 26392, Wyeth); erythro-DL- 
1-(7-methylindan-4-yloxy)-3-isopropylamino- 
butan-2-0l1 (ICI 118551); chlordiazepoxide 
(Librium, Roche) and amphetamine. ICI 118551 
was heated gently until it dissolved; all other 
drugs were dissolved in saline at 37 °C. 


RESULTS 
Sleeping time 


The results for all the drugs tested are summar- 
ized in table I. 


Saline controls. In the 1-h assessment period the 
animals were quiescent for 29.4 (SEM 1) min. 
The variation in total sleeping time for the 10 
animals tested was from 24 to 35 min. 


a-Adrenoceptor drugs. Three of the four œ,- 
adrenoceptor antagonists produced a dose-de- 
pendent decrease in sleeping time with a potency 
order of: yohimbine > WY 26392 > RS 21361. 
For example, at a dose of 1 mg kg™!, yohimbine 
almost halved sleeping time (15.6 (1.1) min; P < 
0.001) compared with a 30% reduction with WY 
26392 (21.4 (0.5) min; P< 0.01), whereas RS 
21361 (29.6 (1.9) min) was ineffective. 

Of particular interest was RX 781094, which 
showed a biphasic dose-response relationship. At 
low doses (0.01 mg kg“) it caused a slight, but 
statistically significant increase in sleeping time 
(38.2 (2.2) min; P < 0.01), whereas at greater 
doses (> 0.1 mg kg!) sleeping time was de- 
creased. This can possibly be attributed to a dual 
action on &-adrenoceptors, acting as an agonist at 
low doses and an antagonist at high doses [24]. 

The a,-adrenoceptor agonist clonidine also 
showed a biphasic dose-response curve. At a dose 
of 0.01 mg kg? it produced a small but stat- 
istically significant (21.4 (1.9) min; P < 0.01) 
decrease in sleeping time, whereas with doses 
> 0.1 mg kg“, statistically significant increases in 
sleeping time were observed. The dose for agonist 
to antagonist transition was about 0.025 mg kg~! 
in the present series of experiments. The sleep- 
promoting effect of clonidine developed extremely 
rapidly. Values of sleeping time for clonidine and 
saline during the first 20 min after injection are 
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TABLE I. Effects of adrenoceptor agonists~antagomists, pyrogallol, amphetamine and saline on sleeping 
trme tn rats. Values are mean (SEM) and were evaluated for menificance of difference vs saline controls 
using an unpaired two-tailed Students t test: *P< 0.05; **P< 0.01; ***P < 06.001. Values m 
[brackets] showed a significant increase in sleeping time. n = 6 m all cases except for saline (n = 10). ns 
= Not significant COMT-I = catechol-o-methyl transferase inhibitor. (For drug doses see references 


cited) 
Dose Sleeping time 
Drug Action (mg kg?) (min) 
Clonidine [15] a,~Agonist 0.010 21.4 (1.9) ** 
0.025 30.6 (5.3) ns 
0.125 [41.5 (2.6)]*** 
0.25 [45.8 (1.6)]*** 
0.5 [47.7 (2.2)]*** 
RX 781094 [36] a,-Agonist 0.01 [38.2 (2.2)}** 
«,-Antagonist 0.1 24.7 (1.3) * 
1.0 21.4 (2.1) ** 
10.0 19.0 (0.9) *** 
Yohimbine [15] a,-Antagonist 0.1 20.0 (1.5) *** 
0.5 18.9 (1.8) *** 
1.0 15.6 (1,2) *** 
WY 26392 [36] a,~Antagonist 0.2 33.4 (1.7) ns 
0.5 24.8 (1.3) * 
1.0 21.4 (0.5) ** 
2.0 20.9 (1.7) ** 
RS 21361 [36] a,-Antagonist 1.0 29.6 (1.9) ns 
2.0 28.8 (1.9) ns 
10.0 23.5 (3.3) ns 
20.0 13.0 (2A *** 
Cienbuterol [32] -Agonist 2.0 24.4 (3.7) ns 
20.0 18.5 (3.1) ** 
Propranolol [32] B-Antagonist 1.0 26.4 (2.2) ns 
2.0 29.3 (1.3) ns 
10.0 32.4 (3.0) ns 
20.0 [35.9 (1.4)]** 
ICI 118551 [32] R,-Antagonist 10.0 28.2 2.4 ns 
20.0 [37.3 (2.0)]** 
30.0 [42.8 (2.9)]*** 
Pyrogallol [22] COMT-I 125.0 34.1 (2.0) ns 
Librium [23] Anxiolytic 20.0 [43.0 (2.7)]*** 
Amphetamine [23] Stimulant 2.0 0 
Saline Control 29.4 1.0 


shown in table II. At all doses tested, clonidine 
was found to produce a statistically significant 
decrease in activity during this time period. 


B-Adrenoceptor drugs. The B-adrenoceptor 
agonist clenbuterol : produced a significant de- 
crease in sleeping time at a dose of 20 mg kg! 
(18.5 (3.D min; P < 0.01). In contrast, both 
propranolol (a B-adrenoceptor antagonist) and 
ICI 118551 (a selective B,-adrenoceptor antag- 
onist) caused a marked increase in sleeping time at 
the same dose (35.9 (1.4) and 37.3 (2.0) min, 


respectively). As was seen with clonidine, the 
sleep-promoting effect of these two drugs was 
apparent also in the 20-min period immediately 
after administration. Paradoxically, during this 
period, a low dose of propranolol was found to 
cause a small but statistically significant decrease 
in sleeping time (table I). 


Anxiolytic agent. Chlordiazepoxide 20 mg kg 
produced a significant increase in sleeping time 
(43 (2.7) min)—an effect which also showed a 
rapid development (table II). 
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TABLE II. Total sleeping nme during the first 20 min immediately after the tmyection. Significance 
compared with saline controls: *P < 0.05; **P < 0.01; ***P < 0.001. Values in [brackets] show a 
decrease tn sleeping time 


Drug Action 
Clonidine a,-Agonist 
Propranolol B-Antagonist 
ICI 118551 B,-Antagonist 
Librium Anxiolytic 
Saline Control 


COMT inhibitor. The catechol-o-methy! trans- 
ferase inhibitor, pyrogallol [25], gave only a slight 
increase in sleeping time which was not stat- 
istically significant (table I). 


Psychostimulant drug. None of the animals 
treated with amphetamine 2 mg kg™ showed any 
signs of sleep during the entire period of ob- 
servation. 


DISCUSSION 


In the present series of experiments, we have 
attempted to use the same variable as that in the 
previously reported experiments on potentiation 
of barbiturate anaesthesia, that is, the duration of 
time during which the total locomotor activity of 
the animal did not exceed the level of a pre- 
determined baseline (see below). The descriptive 
term ‘“‘sleeping time” was adopted rather than 
“time of zero locomotor activity”, “immobility 
time”, “period of inactivity”’ etc., for a variety of 
reasons. The baseline was taken as that at which 
the animal was completely immobile and assumed 
a sleeping posture. None of the drugs used 
produced motor freezing (no locomotor activity 
without the adoption of a sleeping posture). In 
addition, it has been shown that clonidine pro- 
duces changes in EEG pattern which resemble 
those seen in sleep in the rat [26] and clinically it 
produces prolonged sleep in man [27]. 


Dose Sleeping time 
(mg kg~*) (min) 
0.010 4.8 (0.8) * 
0.025 5.6 (1.4) * 
0.125 6.2 (0.9) *** 
0.25 TO C2) SR 
0.5 8.5 (1.4) *** 
1.0 [1.1 (0.4)]** 
2.0 4.5 (1.3) ns 
10.0 7.0 (1.7) ns 
20.0 10.0 (1.4) ** 
10.0 4.8 (1.7) ns 
20.0 4.5 (0.9) ns 
30.0 7A (1:57 *** 
20.0 9.4 (1.1) *** 
2.9 (0.3) 


Catecholamine and catecholaminergic neurones 
have been implicated in the mechanism of action 
of anaesthetic agents. Muller and Frouts [28] 
reported that adrenergic blocking drugs caused a 
prolongation of hexobarbitone sleeping time in 
mice. Such action was attributed to both a drug- 
induced inhibition of liver microsomal enzymes 
and decrease in body temperature. On the other 
hand, Miller, Way and Eger [29], suggested that 
the anaesthetic requirement for volatile anaes- 
thetics (the minimal alveolar concentration, 
MAC) might be related to the NA content of the 
brain. Their hypothesis was based on the findings 
that patients receiving drugs which effectively 
reduced brain NA (guanethidine or methyldopa) 
required lesser concentrations of halothane than 
normal patients. Similar observations were made 
by Johnston, Way and Miller [30], who showed 
that acute treatment with D-amphetamine resulted 
in an increase in halothane MAC in animals. 
Conversely, chronic treatment with drugs which 
deplete brain catecholamines caused a decrease in 
halothane MAC. Later Roizen and ‘colleagues [31] 
showed that halothane and cyclopropane could 
alter NA concentrations in-discrete brain nuclei 
such as the LC and nucleus accumbens. 

More recently, Mason and Angel [15, 32] 
demonstrated that the duration of barbiturate 
anaesthesia was dependent upon the overall 
activity of the central NA system. Drugs which 
reduced the activity of the system, for example o,- 
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agonists and B-antagonists, potentiated thiopen- 
tone sleeping time, whilst drugs which enhance 
LC-NA activity, for example, o,-antagonists and 
§-agonists, gave a decrease in the effectiveness of 
thiopentone. However, not all anaesthetic agents 
have their activity modulated by interference with 
the central NA system. Adrenergic drugs were 
shown to have no effect on ketamine, urethane or 
Althesin (alphadolone/alphaxalone) anaesthesia 
[15, 32]. 

In the present series of experiments it has been 
found that drugs which shortened thiopentone 
sleeping time could induce “‘stimulant” effects in 
unanaesthetized rats. Assessment of behavioural 
Signs such as awareness, consciousness, spon- 
taneous activity, stereotyped movements and 
motor co-ordination generally showed an increase. 
The degree of CNS excitation obtained was, 
however, not as great as that produced by the 
more conventional CNS stimulants. For example, 
the increased motor activity seen after yohimbine 
was intermittent compared with the continuous 
activity seen after amphetamine. Nonetheless, by 
measuring total locomotor activity it has been 
shown that yohimbine, WY 26392 and RS 21361, 
all selective a,-adrenoceptor antagonists, caused 
an increase in central excitation, reflected as a 
decrease in the total time spent immobile after 
adopting a sleeping posture. 

The B-adrenoceptor agonist, clenbuterol, also 
reduced sleeping time. For this drug, a direct 
stimulation of the postsynaptic B-adrenoceptors 
would lead to excitation of central NA neurones. 
It has been shown that electrical stimulation of 
the LC leads to the release of NA in the cerebral 
cortex [33], which could then lead to electro- 
cortical and behavioural arousal [34, 35]. 

The possible correlation between the activity of 
LC cells and the duration of sleeping time receives 
support from the action of RX 781094. At low 
doses it produced an increase in sleeping time, 
possibly via a presynaptic o,-agonist action. 
Conversely, higher doses caused a reduction in 
sleeping time, presumably by autoreceptor block. 
Both behavioural studies using the thiopentone- 
induced sleeping time model [36] and electro- 
physiological recordings of rate of discharge of 
LC cells [24] have shown a similar biphasic 
response with RX 781094. 

However, the enhancement of sleeping time 
produced by propranolol, clonidine and ICI 
118551 cannot be attributed solely to modulation 
of coerulear discharge. Many workers have 
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demonstrated a strong inhibitory action of cloni- 
dine on discharge of central NA neurones [37-39]. 
However, propranolol has been shown to be 
without action on the firing rate of LC cells [40] 
even at very high i.v. doses. Thus it is possible 
that drug-induced alterations of sleeping time 
may not be dependent upon the availability of NA 
at the LC neuronal terminations per se. In the 
present studies pyrogallol, a COMT inhibitor, 
which would tend to increase the accumulation of 
NA in the vicinity of the postsynaptic adreno- 
ceptors, failed to cause a shortening of sleeping 
time. This chemical did, however, produce a 
small increase in sleeping time at a dose of 
125 mg Kg™!. At this dose, in the chick, it produces 
complete somnolence [Angel and Dewhurst, un- 
published observations]. 

There have been some contradictory sugges- 
tions on the mechanism of the central action of 
propranolol. Mason and Angel [32] proposed that 
its B-blocking action might be responsible for 
potentiation of thiopentone anaesthesia in the rat. 
Murman, Almirante and Saccani-Guelfi [41] and 
Hermansen [42] suggested that the prolongation 
of hexobarbitone action in mice could be caused 
by a pure depressant action of propranolol on the 
CNS. Similarly, the tranquillizing [17] and anti- 
convulsant [41] effects of propranolol have been 
attributed to an intrinsic CNS depressant action 
[43]. There have been reports also of the sleep- 
inducing effect of propranolol in mice [44] and 
rats [45]. 

Many, but not all, of the pharmacological effects 
of B-blockers may be attributed to their B- 
adrenoceptor antagonist activity per se. They do, 
however, possess other properties, such as acting 
as local anaesthetics or having intrinsic sympatho- 
mimetic activity. There have been suggestions 
that aberrant activity of drugs may be related to 
their chemical structure. Lesvkovsky and Tardos 
[43] proposed that the CNS-depressant action of 
propranolol might be a result of the presence of a 
methyl group, and a similar explanation has been 
essayed for the naphthyl group of pronethalol 
[41]. 

In the present study both propranolol and ICI 
118551 (which has an indalyl group) induced an 
increase in sleeping time. The latter and another 
6-blocker, pindalol, have been shown to potentiate 
the effect of thiopentone in the rat [32] and 
pindalol has been shown to increase the effective- 
ness of chloral hydrate in mice [44]. 

From these observations it is interesting to note 
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that B-blockers with a double ring structure on 
the aromatic moiety of the molecule produce a 
sedative or depressant action, whereas compounds 
with a phenyl group such as nifenalol and 
dichloroisoproterenol cause central excitation. 
Similarly sotalol, dichloroisoproterenol and Ko 
1336 shortened, whereas practolol did not alter, 
chloral hydrate sleeping time [44]. 

The significance of structure—activity relation- 
ships of o,-adrenoceptor antagonists has been 
demonstrated [46]. Thus the possibility of a 
similar structure-dependent action of $-adreno- 
ceptor antagonists cannot be ruled out. 

The sedative action of clonidine has been 
attributed to its activation of presynaptic a,- 
adrenoceptors on LC cells causing a decrease in 
the activity of this ascending NA pathway pro- 
jecting diffusely to subcortical and cortical areas. 
However, such a simplistic mechanism of action 
can, at best, provide only a partial explanation for 
its wide-ranging central effects. In the present 
study its action resernbled that of an anaesthetic 
rather than a sleep-inducing agent. Electro- 
physiological studies [47] have shown that cloni- 
dine in high dose (> 100 ug kg?) potentiates the 
effect of urethane and has an action identical to 
that of several general anaesthetic agents as 
measured by electrocortical activity, cerebral 
evoked responses and its ability to suppress 
thalamic and cortical, but not cuneate, cellular 
responsiveness to electrical stimulation of the 
periphery. The same authors reported a reverse 
action of clonidine at small doses. Such a biphasic 
dose-dependent action was seen also in the present 
study (table I). 

In support of this suggestion for a separate, 
non-adrenergic, mechanism of action of cloni- 
dine-induced CNS depression, Nassif and col- 
leagues [48] have shown that a neurochemical 
lesion of the LC system does not suppress its 
sedative action. Moreover, yohimbine, a specific 
@,-adrenoceptor antagonist, has no effect on 
spontaneous electrocortical activity, cerebral 
evoked responses or cellular responses to per- 
ipheral stimulation at cuneate, thalamic or cortical 
sites [49]. Thus not all of the central actions of 
clonidine can be ascribed to an -agonist action. 
It may in addition exert a mild anaesthetic-like 
action. The exact site, or sites, of such action 
should be determined. 
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INTERACTION BETWEEN CALCIUM CHANNEL BLOCKERS 
AND VOLATILE ANAESTHETICS IN THE RAT 


HEART-LUNG PREPARATION 


S. KASHIMOTO, T. OGUCHI, M. KUME AND T. KUMAZAMA 


SUMMARY 


We have studied the effects of the calcium 
channel blockers verapamil, diltiazem and nifedi- 
pine and the volatile anaesthetics halothane, 
enflurane and isoflurane on myocardial metab- 
olism after postischaemic reperfusion in the rat 
isolated heart-lung preparation. In the presence 
of the volatile anaesthetics, the preparations 
were perfused for 10 min, made globally ischae- 
mic for 8 min, and then reperfused for 10 min. 
Each of the calcium blockers was administered 
5 min before ischaemia. Three hearts in the 
halothane-verapamil group (n= 10) failed to 
recover from the ischaemia and the recovery time 
in the same group was significantly longer than 
in the enflurane—verapamil or isoflurane~vera- 
pamil groups. Although there was no significant 
difference in myocardial lactate concentrations 
among the groups, ATP and glycogen contents 
in the halothane-verapamil group were signifi- 
cantly less than those in the other groups. The 
results suggest that the combination of halo- 
thane and verapamil causes significant myo- 
cardial depression during recovery from ischae- 
mia and subsequent metabolic deterioration. 


KEY WORDS 


Anaesthetics, volatile: anflurane, halothane, isoflurane. 
Heart: ischaemia, metabolism, calcium channel blockers. 





Calcium channel blockers, such as verapamil, 
diltiazem and nifedipine, interfere with a calcium- 
dependent slow current across excitable cell 
membranes [1,2]. Volatile anaesthetics also de- 
crease free calcium availability for contraction and 
probably interfere with several different steps in 
the excitation—contraction coupling process [3-6]. 
Significant cardiovascular interactions are likely 


to occur because of similarity in pharmacological 
effects of the two groups of drugs. 

The aim of this study was to assess the cardiac 
effects of verapamil, diltiazem and nifedipine in 
the presence of halothane, enflurane and iso- 
flurane in the isolated heart-lung preparation. 
This technique eliminates any confounding neuro- 
humoral effects of im vivo studies and can 
determine any functional and metabolic effects of 
the interactions. 


METHODS 


The study was approved by the animal care 
committee of Yamanashi Medical College. The 
techniques used were identical to those used in 
an earlier study [7}: 90 male Wistar—Kyoto 
rats (300-350 g) were anaesthetized with pento- 
barbitone 50mgkg7! i.p. Tracheotomy was 
performed, and intermittent positive pressure 
ventilation was adjusted to maintain Paco, at 
4.7-5.3 kPa and Pao, at 40-53 «Pa with 5% 
carbon dioxide in oxygen. The ch2st was opened 
and flooded with ice-cold saline and the heart 
arrested. Cannulae were inserted into the aorta 
and the superior and inferior venae cavae. The 
cannula in the superior vena cava was used for the 
monitor of right atrial pressure. 

The heart-lung preparation wa3 perfused with 
a solution containing red blood cells collected 
from another rat and Krebs—Rinzer bicarbonate 
buffer, with packed cell volume and pH of 
25% and 7.4, respectively. The concentrations 
(mmol litre!) of the buffer corstituents were: 
NaCl 127, KCl 5.1, CaCl, 2.2, KH,PO, 1.3, 
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MgSO, 2.6, NaHCO, 15, glucose 5.5 and heparin. 
The perfusate blood pumped from the aorta 
passed through a pneumatic resistance and was 
collected in a reservoir maintained at 37°C and 
then returned to the inferior vena cava. In this 
model, no other organs except heart and lung 
were perfused, cardiac output (Q) was determined 
by the inflow, provided the heart did not fail, and 
mean arterial pressure was regulated by the 
pneumatic resistance. 

Heart rate was recorded with a bioelectric 
amplifier (Nihon Kohden AB-621G) and Q was 
measured with an electromagnetic blood flow 
meter (MFV-1200). Arterial pressure and right 
atrial pressure were measured with transducers 
(TP101T and LPU-0.1A) and carrier amplifiers 
(AP-621G). 

All hearts were perfused initially to Q = 
30 mi min=! and mean arterial pressure 


80 mm Hg. One of three volatile anaesthetics, 1% . 


halothane, 2% enflurane or 1.5% isoflurane, was 
added to the gas mixture, using calibrated vapor- 
izers throughout the experiment. Five minutes 
after the start of perfusion, one of the calcium 
channel blockers (verapamil 3 x 10~’ mol litre"?, 
diltiazem 4x107 mol litre"? or nifedipine 
1 x 1077 mol litre) was added to the reservoir. 
Ten animals were studied in each of the nine 
groups. Ten minutes after the start of perfusion, 
all hearts were made globally ischaemic for 8 min 
by clamping the venous return and reducing the 
pneumatic resistance to zero. During ischaemia, 
sinus arrest was defined as the absence of atrial 
electrical activity and atrioventricular (A-V) block 
was defined by asynchrony of atrial and ven- 
tricular electrical activity. Subsequently, the pre- 
parations were reperfused for 10 min by regu- 
lation of the venous return and the pneumatic 
resistance. The recovery time was recorded when 
the cardiac output and the mean arterial pressure 
returned to control values. All experiments with 
nifedipine were carried out in a darkened room. 

At the end of the experimental period, the 
hearts were freeze-clamped and freeze-dried for 6 
days. An aliquot was extracted with perchloric 
acid and centrifuged at 3000 g. Adenosine tri- 
phosphate (ATP) and lactate were determined 
spectrophotometrically by standard techniques 
[8]. Another aliquot was placed in 30% potassium 
hydroxide and digested at 100°C. Tissue gly- 
cogen was extracted, hydrolysed and assayed as 
glucose equivalents [9]. The values were ex- 


pressed as mol g`! dry weight. 
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Data were analysed by two-way analysis of 
variance followed by the Newman—Keuls test for 
multiple comparisons. The incidence of sinus 
arrest or A-V block during ischaemia was ana- 
lysed by chi-square test. A probability of P < 0.05 
was regarded as significant. The data are given as 
means (SD). 


RESULTS 


Three hearts in the halothane-verapamil (H-V) 
group and one in the halothane—diltiazem (H-D) 
group failed to recover after ischaemia and are 
excluded from analysis of the recovery time and 
heart rate changes (table I). The recovery time in 


‘the H-V group was significantly longer than that 


in the enflurane—verapamil (E~-V) or isoflurane— 
verapamil (I-V) group. The incidence of sinus 
arrest or A-V block during ischaemia in the 
diltiazem-treated groups was significantly less 
than those in the other groups (table II). 

Figure 1 shows the changes in heart rate when 
the groups are classified by anaesthetic and figure 
2 the changes in groups classified by calcium 
channel blocker. Heart rate decreased in all groups 
during ischaemia. However, heart rate in the H-V 
group was greater than in the E-V and I-V groups 
at 2 min and 4 min of ischaemia. Heart rate in the 
E-V group was less than in the H-V, I-V and 
enflurane—diltiazem (E-D) groups at 6 and 8 min. 

There were no significant differences in lactate 
concentrations among the groups (fig. 3). How- 


TABLE I. Recovery time after sschaemma (s) (mean (SD)). 


* P < 0.05 vs EV or IV 
Halothane Enfiurane Isoflurane 
Verapamil 401 (255)* 243 (57) 244 (93) 
(HV: = 7) (EV:n=10) (IV:n = 10) 
Dilnazem 333 (140) 328 (142) 365 (161) 
im 9) :n = 10) (ID:n = 10) 
Nifedipine 346 (119) 244 (42) 261 (97) 
CHN:nr=10) (CEN: n= 10) CIN: a= 10) 


TABLE II. Incidence of smus arrest or A-V block durmg 
ischaemia (%). * P < 0.05 vs verapamil or nifedipine 


Halothane Enflurane Isoflurane 
Verapamil 70 100 70 
(HV) (EV) (IV) 
Diltiazem* 50 20 20 
(HD) (ED) (ID) 
Nifedipine 90 80 70 
(HIN) (EN) CIN) 
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Halothane 





Heart rate (beat min”) 





Isoflurane 
300 
200 
t00 
ischaemia 
0 5 0 12 8 8 18 R 6 W 


Time {min) 


Fic. 1. Changes in heart rate in the presence of volatile anaes- 

thetics (0-18 min) and from the time of recovery from 

ischaemia (R). O = Verapamil; (J = diltiazem; @ = nifed- 

ipine. H-V group, n = 7; H-D group, n = 9; other groups, 
n= 10. **P < 0.01. 


ever, ATP content in the H-V group was 
significantly less than those in the E-V and I-V 
groups and those in the halothane—diltiazem 
(H-D) and halothane—nifedipine (H-N) groups 
(fig. 4). The glycogen concentration in the H-V 
group decreased more than that in the E—V or I-V 
group (fig. 5). 
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Fig. 2. Changes in heart rate in the presence of calcium 

channel blockers (0-18 min) and from the time of recovery 

from ischaemia (R). O = Halothane; @ = enflurane; O] = 

isoflurane. H-V group, n=7; H-D group, n= 9; other 
groups, n = 10. *P < 0.05; ****P < 0.005. 


DISCUSSION 


The rat heart-lung preparation was used to 
examine the interactive effects of the calcium 
channel blockers and the volatile anaesthetics on 
the heart in the absence of autonomic, acid-base 
balance, and circulating hormonal influences. 
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Fic. 4. Myocardial concentrations of ATP (n= 10 each 
group). ***P < 0.001, ****P < 0.005, compared with HV. 
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Fic. 5. Myocardial concentrations of glycogen (n = 10 each 
group), ***P < 0.00] compared with HV. 


The concentrations of calcium channel blockers 
were comparable to therapeutic concentrations: 
verapamil 2-4 x 1077 mol litre"! [10], nifedipine 
l-2 x 1077 mol litre = [11] and diltiazem 
1-7 x 1077 mol litre™* [12]. 

The concentrations of the volatile anaesthetics 
used were similar to those used in previous studies 
[7, 13]. We did not examine different doses and 
independent effects of these drugs because they 
have been studied previously [7,13] and the 
effects of the calctum channel blockers on the 
ischaemic isolated heart have also been reported 
[14-18]. 

The incidence of sinus arrest or A-V block 
during ischaemia was less with diltiazem. This 
finding is partially consistent with data from a 
study in dogs [19], that heart block or escape 
rhythms were more likely with verapamil and any 
of the volatile anaesthetics, but were not seen with 
diltiazem or nifedipine. However, nifedipine pro- 
duced a greater incidence of sinus arrest or A-V 
block during ischaemia in the present study. This 
difference is probably a reflection of variation in 
experimental methods. 

The incidence of sinus arrest or A-V block did 
not correlate with the recovery time and the 
concentrations of cardiac metabolites. Halothane- 
verapamil caused a significant increase in recovery 
time and a decrease in the myocardial ATP and 
glycogen contents. These changes may have been 
caused by failure of three of 10 hearts to recover 
and the prolongation of recovery time. The values 
of ATP and glycogen in the seven non-failed 
hearts were 16 (0.48) and 54 (10.1) pmol g~t, 
respectively, and did not differ from the other 
groups. We conclude that the combination of 
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halothane with verapamil has the most depressant 
effect on myocardial function, in contrast to 
previous studies where enflurane—verapamil was 
the most depressant [20, 21]. The difference may 
be caused by the concentrations of halothane and 
enflurane used in the studies. 

The ATP concentrations in the enflurane 
groups were greater than those seen in the 
presence of volatile anaesthetics alone [7, 13], 
suggesting a beneficial effect of calctum channel 
blockers in this group. However, methodological 
differences do not permit a firm conclusion. 

There was no significant difference in myo- 
cardial concentrations of lactate among the nine 
groups. We reported previously that halothane 
or enflurane, but not isoflurane, increased 
intramyocardial concentrations of lactate after 
postischaemic reperfusion [7,13], suggesting a 
deterioration in myocardial oxidation—reduction 
state. The calcium channel blockers appear to 
have a protective effect, possibly by maintaining 
cellular integrity by reducing calcium influx. 

Extrapolation of in vitro animal] studies to 
human clinical experience is difficult, but our 
results suggest that the combination of halothane 
and verapamil should be used with caution. 
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CHANGES IN SERUM ELECTROLYTE AND ATRIAL 
NATRIURETIC PEPTIDE CONCENTRATIONS, ACID-BASE 
AND HAEMODYNAMIC STATUS AFTER RAPID INFUSION 
OF ISOTONIC SALINE AND RINGER LACTATE SOLUTION 


IN HEALTHY VOLUNTEERS 


M. KAMP-JENSEN, K. L. OLESEN, V. BACH, H. J. SCHUTTEN 


AND A. ENGQUIST 


SUMMARY 


Opinions differ on the use of isotonic sodium 
chloride and Ringer lactate solution for extra- 
cellular volume depletion. We have compared 
changes in serum electrolyte concentrations and 
acid—base and haemodynamic status after rapid 
infusion of 2 litre of either isotonic sodium 
chloride or Ringer lactate solution in healthy 
volunteers. Changes within groups were small 
and statistically insignificant. Central venous 
pressure changes were associated with secretion 
of atrial natriuretic peptide, but this reponse was 
delayed. 


KEY WORDS 


Fluid balance; isotonic saline, Ringer lactate solution 
Hormones atrial natriuretic peptide 


There is still debate on the use of isotonic sodium 
chloride or Ringer lactate solution for treatment 
of extracellular volume depletion. Those who 
prefer Ringer lactate solution claim that rapid 
infusions of isotonic sodium chloride may induce 
hyperchloraemic acidosis [1], dilutional acidosis 
[2, 3] or hypokalaemia. However, Ringer lactate 
solution may aggravate lactic acidosis [4] or 
provoke metabolic alkalosis [5]. 

The purpose of this study was to compare 
plasma electrolyte concentrations and acid—base 
status in healthy volunteers after rapid infusion of 
isotonic sodium chloride and Ringer lactate 
solution. In order to evaluate the effect on central 
blood volume, we have measured central venous 
pressure (CVP) and plasma concentrations of 


atrial natriuretic peptide (ANP) during and after 
infusion. 


SUBJECTS AND METHODS 


Ten healthy male and female volunteers (median 
age 26.2 yr, weight 61.4 kg, height 173.3 cm) were 
studied in the supine position after an overnight 
fast. Informed consent was obtained from all 
volunteers and the study was approved by the 
Ethics Committee for Medical Research in Copen- 
hagen. 

Each volunteer was given, in random order, 
isotonic sodium chloride (IS) and Ringer lactate 
solution (RL) with an interval of 1 week between 
infusions. 

Two litre of each solution was infused into a 
peripheral vein over 1 h (33 ml min). CVP was 
measured by a catheter placed via an antecubital 
vein under x-ray control into the superior vena 
cava. Blood samples were taken from an in- 
dwelling venous cannula in the opposite arm. 
Arterial pressure, heart rate and CVP were 
measured and blood taken for measurement of 
plasma concentrations of ANP, sodium, potass- 
lum, calcium, creatinine, albumin and protein 
before (T0) and 30, 60, 90, 120, 240 and 360 min 
after starting the infusion. Arterial blood was 
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taken at TO, 60 and 360 min for analysis of pH, 
base excess and Pco,. 

The bladder was emptied at TO and 6h for 
measurements of urine concentrations of sodium 
and potassium. 

ANP immunoreactivity in plasma samples was 
measured as described by Schitten, Henriksen 
and Warberg [6]. Venous blood and urine electro- 
lyte concentrations were measured by a multi- 
analyser (Greiner 300). Arterial blood-gas tensions 
were measured with an ABL apparatus (Radio- 
meter Copenhagen). Albumin corrected serum 
concentration of calcium was calculated according 
to the formula described by Pedersen [7]. 

Data were analysed using combined Wilcoxon 
and Freedman tests with corrections for repeated 
measures, this technique being equivalent to a 
two-way analysis of variance. Results are pre- 
sented as median values with interquartile ranges 
in parentheses. ANP and CVP measurements 
were analysed by repeated-measures analysis of 
variance, followed by Newman—Kreuls test for 
multiple comparisons, Pearson’s correlation and 
Student’s £ test. 


RESULTS 


Median systemic arterial pressure and heart rate 
were stable in both groups throughout the study. 

During infusion, CVP increased rapidly and 
reached the highest value (mean 14.5 and 
12.5 cm H,O, respectively, during IS and RL 
infusion) within 30-60 min (fig. 1). No signifi- 
cant changes in CVP were observed at 30 and 
60 min. After stopping the infusions, CVP de- 
creased gradually to reach preinfusion values 
within about 5h in both groups. 

The concentration of ANP in plasma (pANP) 
increased during the infusion, and the greatest 
pANP concentration occurred 30 min after the 
CVP had reached its highest value. Plasma ANP 
decreased slowly after the infusion and reached 
preinfusion concentrations 60—180 min after the 
infusion had been stopped. No difference was 
found between maximum CVP and pANP during 
infusion of either IS or RL. There was no 
correlation between CVP and pANP at each time 
point. 

There was a significant correlation between 
CVP and pANP concentrations measured 30 min 
later after infusion of IS (r = 0.93, P < 0.01) or 
RL (r = 0.85, P < 0.05). 

In the IS group, median calcium concentrations 
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Fra. 1. Mean (SEM) concentration of atrial natriuretic peptide 

(ANP) and central venous pressure (CVP) after infusion of 

lactated Ringer’s solution or isotonic sodium chloride. Inf. = 
Infusion period. 


decreased significantly from 2.34 (2.30-2.38) to 
2.20 (2.18-2.24) mmol litre? in 1h (fig. 2). A 
gradual increase to 2.29 (2.27—2.33) mmol litre! 
was seen in the following 5h. A similar, but 
statistically insignificant, decrease occurred in the 
first 30 min during infusion of RL. Preinfusion 
concentrations were almost reached within 1h. A 
statistically significant difference was found 
between groups, whereas interaction was insig- 
nificant. 

Median plasma sodium concentrations de- 
creased from 144 (142-144) to 143 (141- 
145) mmol litre! in the IS group and from 144 
(141-145) to 142 (141-144) mmol litre in the RL 
group. Median potassium concentrations de- 
creased from 4.1 (4.0-4.3) to 3.9 (3.7-4.2) and from 
4.2 (4.1-4.3) to 4.2 (3.9-4.4) mmol litre? in the 
groups receiving IS or RL, respectively. No 
significant differences were found within or 
between groups. 
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Fig. 2. Albumin-corrected values of plasma calcium (median and interquartile values). X = Lactated 
Ringer’s solution; = isotonic sodium chloride. Changes within groups: sodium chloride, P < 0.001; 
lactated Ringer’s, 0.05 < P < 0.10. Differences between groups: P < 0.01. Interaction: 0.05 < P < 0.10. 


TABLE I. Serum concentrations of electrolytes, protein and albumin before and immediately after termination of infuston, and at 
the end of the observation penod (median and interquartile range) 


Sodium Potassium Creatinine Albumin Protein 
(mmol litre?) (mmol litre™*) (pmol litre) (umol litre?) (g litre+) 
Time — 
(min) NaC] Ringer’s NaCl Ringers NaCl  Ringer’s NaCl Ringers NaCl Ringer’s 
0 144 142 4.0 4,2 89 93 583 567 63 64 
142-144 141-144 3.9-4.1 3.8-4.3 85-99 85-94 566-606 563-611 62-65 63-64 
60 144 143 4.1 4.2 82 508 523 55 56 
142-146 142-144 3.9-4.3 4.0-4.3 75-84 76-87 499-534 512-549 53-58 55—60 
360 142 144 4.1 4.0 79 82 536 555 57 60 
142-144 141-145 3.9-4.3 3.7-4.2 74-84 78-85 508-544 524-584 55-59 58-62 


TABLE II. Arterial blood-gas data before and immediately after termination of infusion, and at the end of 
the observation period (median and interquartile range) 








Pco, Base excess 
pH (kPa) (mmol) 
‘Time 

(min) NaCl Ringer’s NaCl Ringer’s NaCl Ringer’s 

0 7.40 7.41 4.9 5.0 —1.5 —0.8 
7.39-7.41 7.40-7.41 4.7-5.4 4.8-5 4 —2.1 to —0.1 — 1.9-0.7 

60 7.37 7.40 48 5.2 —3.4 —0.6 
7.37-7.38 7.39-7.41 4.1-5.1 4.1-5.2 —3.9 to — 2.6 — 2.9-0.3 

360 7,40 7.40 5.0 5.3 —2.1 0.35 
7.38-7.41 7.39-7.40 4.7-5.4 5.0-5.6 —3.2—0.0 —1.3-0.7 


In both groups of volunteers, a progressive 
decrease in plasma concentrations of protein and 
albumin was observed during the first 1h of 
infusion (table I). 

In the IS group, protein concentrations de- 
creased from 63 (62-65) to 55 (53—58) g litre and 
albumin decreased from 583 (566-606) to 508 
(499-534) umol litre 1. In the RL group decreases 
from 64 (63—64) to 56 (55-60) g litre! of protein 


and from 567 (563-611) to 523 (512-549) umol 
litre! of albumin were found. During the next 
5h, a gradual increase occurred in both groups, 
but neither protein nor albumin reached 
preinfusion values. No significant difference 
between groups was found. 

Serum creatinine concentrations decreased 
significantly in both groups. There were no 
significant differences between the groups. 


RINGER LACTATE SOLUTION AND ISOTONIC SALINE INFUSION 


In the IS group there was a small but 
statistically significant decrease in pH from 7.40 
(7.39-7.41) to 7.37 (7.37-7.38) after 1 h (table IT). 
There was no significant difference in the RL 
group. Standard bicarbonate and base excess 
changed in a similar way. The difference between 
groups was statistically insignificant, whereas the 
interaction was significant. 

Median urine sodium concentrations increased 
significantly in both groups: from 122 (90-149.5) 
to 202.5 (164-226) mmol litre! in the IS group, 
and from 108.5 (96-133) to 123 (102-142.5) mmol 
litre! in the RL group. The difference between 
groups was statistically insignificant. Median 
urine potassium concentrations varied in- 
significantly in both groups. In the IS group at 
TO, the concentration was 53.5 (38—65.5) mmol 
litre! and 6h later it was 55.5 (46-38) mmol 
litre +. In the RL group, these concentrations 
were 44 (22-71) and 34.5 (31-59) mmol litre”, 
respectively. 


DISCUSSION 


This study shows that changes in haemodynamic 
state, plasma electrolyte concentrations and ar- 
terial pH induced in normal individuals by rapid 
infusions of 2 litre of isotonic sodium chloride or 
Ringer lactate solution are small and unimportant 
clinically. Furthermore, no significant differences 
between groups occurred. Plasma concentration 
of sodium was stable in both groups. This is to be 
expected as 310 mmol and 260 mmol, respect- 
ively, of sodium and 2 litre of water added to an 
estimated extracellular volume of approximately 
12 litre with an average sodium content of about 
1680 mmol should not change the sodium con- 
centration significantly. 

Plasma concentrations of potassium remained 
stable also. Theoretically, a small decrease in 
extracellular concentration of potassium may be 
anticipated because of the dilutional effect of 
2 litre of potassium-free fluid given rapidly in the 
IS group. However, we have not demonstrated 
this, probably because of migration of potassium 
from the intracellular to the extracellular volume. 

In this study, albumin-corrected values for 
calcium were used as a good correlation with 
ionized calcium is found when pH is within 
normal limits and plasma concentration of albu- 
min exceeds 400 pmol litre [7, 8]. Both criteria 
were fulfilled in this study. Albumin-corrected 
calcium concentrations decreased by approxi- 
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mately 5% during infusion of saline. This was 
statistically significant, whereas the small decrease 
in the RL group was not significant. These 
findings are similar to those in patients under- 
going transurethral resection of the prostate [8]. 
After infusion, a gradual increase in plasma 
calcium concentration was seen and preinfusion 
concentrations were almost reached in the IS 
group, despite the fact that saline fluid loads are 
known to produce an increase in urinary calcium 
excretion and in sodium content [9]. The 
difference between plasma calcium concentrations 
in the two groups was probably a reflection of the 
calcium content of the Ringer lacate and not renal 
handling, as the difference in sodium content of 
the two fluids is only 24 mmol litre™!. Although 
we found a statistically significant difference 
between the two groups, changes’ in plasma 
calcium did not exceed the reference values, and it 
is questionable if changes of 5 % have any clinical 
significance. 

A few studies have claimed that saline infusions 
cause metabolic acidosis as a result of dilution of 
plasma bicarbonate [2, 3] or hyperchloraemia [1]. 
However, one study found an increase in plasma 
concentration of chloride without concomitant 
changes in pH [10]. In our study, pH in the IS 
group decreased but pH was within the normal 
range. Ringer lactate solution has been claimed to 
cause or aggravate lactic acidosis [4], but there are 
no data confirming this. However, Ringer lactate 
solution may be of theoretical benefit in the 
treatment of metabolic or lactic acidosis associated 
with profound haemorrhagic shock. Canizaro, 
Prager and Shires [11] showed that Ringer lactate 
solution restored arterial pH to normal in 69 
patients with circulatory shock, accompanied 
probably by lactic acidosis. This was produced 
mainly by improvement in circulatory status and 
not the provision of lactate per se. In contrast, 
Hartmann and Senn [5] showed that l1-mol litre”! 
sodium lactate 4-7 ml/kg body weight caused a 
metabolic alkalosis of short duration in normal 
persons with intact lactate metabolism. However, 
our study showed no significant changes in pH in 
the RL group, probably because the amount of 
lactate infused was relatively small. 

Central venous pressure increased by approxi- 
mately 6 cm H,O during infusion, whilst arterial 
pressure and heart rate remained stable, indicating 
a significant but transient increase in right atrial 
filling pressure without significant changcs in 
either stroke volume or total peripheral resistance. 
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Our findings demonstrate a close relationship 
between changes in CVP and secretion of ANP. 
However, changes in CVP do not result in 
immediate changes in secretion of ANP; a time 
lag occurs. Experiments on isolated rat atria [12] 
and acute mitral obstruction in dogs [13] sug- 
gested a very rapid increase in secretion of ANP in 
response to an increase in CVP (within 5—10 min). 
However, in this study changes in secretion of 
ANP in response to changes in CVP were slow 
(up to 30 min). A similar slow response to saline 
infusion in humans has been shown by Anderson 
and colleagues [14], but infusion rates in their 
study were rapid (250 ml min“) and of short 
duration (5 min). Measurements of ANP and 
CVP were not made until the infusions had been 
stopped. Whole body tilting has been shown to 
cause a slow response to changes in CVP [15]. 
The reason for the slow changes in pANP in 
response to abrupt changes in CVP in humans is 
unknown. 
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HAEMODYNAMIC EFFECTS OF THE 
PHOSPHODIESTERASE INHIBITOR ENOXIMONE 

IN COMPARISON WITH DOBUTAMINE IN 
ESMOLOL-TREATED CARDIAC SURGERY PATIENTS 


J. BOLDT, D. KLING, B. ZICKMANN, F. DAPPER 


AND G. HEMPELMANN 


SUMMARY 


In a randomized study, the haemodynamic 
effects of the new phosphodiesterase-lll- 
inhibitor, enoximone, were compared with 
dobutamine in acutely B-adrenoceptor blocked 
patients. Twenty patients scheduled for aorto— 
coronary bypass grafting suffering from tachy- 
cardia (heart rate (HR) > 100 beat min™') were 
treated by infusion of esmolol, an ultra-short 
acting, selective B,-blocker. Twenty minutes after 
the start of esmolol, either enoximone 
0.5 mg kg as a bolus (n = 10) or dobutamine 
5 ug kg! min! was administered. Haemo- 
dynamic effects were monitored for 40 min, 
including measurement of left ventricular haemo- 
dynamics. Esmolol reduced HR (—27%) and 
AP/dtmex (—38%) significantly in both groups. 
Cardiac index (CI) was decreased also. Enox- 
imone increased Ci (+35%) and dP/dt,,,. 
(+39%) significantly, while no change in 
dobutamine-treated patients was observed. Sys- 
temic vascular resistance increased only in the 
dobutamine group (+ 44%). 


KEY WORDS 


Heart: enoximone, dobutamine, esmolol. Surgery: coronary 
artery. 


The use of B-adrenergic blockers is established in 
the management of various cardiovascular dis- 
orders, such as angina pectoris, hypertension, 
tachycardia or arrhythmia [1]. Particularly in 
patients with coronary artery disease, tachycardia- 
induced ischaemia may compromise myocardial 
oxygen balance, followed by deterioration of 


global cardiac performance [1, 2]. However, block 
of adrenergic receptors may reduce myocardial 
contractility which is associated often with a 
decrease in cardiac output [3,4]. Positive ino- 
tropes are sometimes necessary to reduce these 
cardiodepressant side effects of B-blockers. Tra- 
ditionally, catecholamines such as dobutamine are 
used widely to increase myocardial performance 
and improve haemodynamic state [5-7]. Their 
action is based on B-adrenoceptor stimulation, 
which may be associated with severe side-effects 
or be ineffective because of down-regulation in 
severe heart failure or iatrogenic pharmacological 
block [8,9]. Phosphodiesterase-IT1-inhibitors 
such as enoximone are a new class of drug with 
positive inotropic properties, offering an alter- 
native for the treatment of depressed myocardial 
performance [10-13]. The aim of this study was to 
investigate how the haemodynamic profile of 
enoximone and dobutamine may be modified by 
B-adrenoceptor block during cardiac surgery. 


PATIENTS AND METHODS 


We studied 20 patients undergoing elective aorto— 
coronary bypass surgery. Informed consent was 
obtained from each patient and the study was 
approved by the Institutional Human Ethics 
Committee of the hospital. 

All patients were premedicated with fluni- 


J. BOLDT, M.D., D. KLING, M.D., B. ZICKMANN, M.D, G 
HEMPELMANN, M.D. (Department of Anaesthesiology and 
Intensive Care Medicine); F. DAPPER, M.D. (Department of 
Cardiovascular Surgery); Klinikstr. 29, Justus-Liebig- 
University Giessen, D-6300 Giessen, F.R.G. Accepted for 
Publication: September 29, 1989. 

Correspondence to J.B. 


612 


trazepam 0.02 mgkg! and morphine 0.15 mg 
kg 1.5 h before induction of anaesthesia. Induc- 
tion and maintenance of anaesthesia were 
standardized and comprised fentanyl (mean total 
dose) 32.3 pg kg™, midazolam 0.56 mg kg", and 
pancuronium 0.26 mg kg. All patients under- 
went mechanical ventilation of the lungs with 
Fio, 0.5 (oxygen-air) and zero end-expiratory 
pressure (ZEEP). Paco, was 5.1-5.3 kPa in all 
patients. 

Patients receiving B-blockers or with severely 
depressed myocardial function (left ventricular 
ejection fraction < 40%; preoperative catheter- 
ization within 3 month of operation) or con- 
comitant valve disease were excluded. Inclusion 
criterla were persistent tachycardia (heart rate 
(HR) > 100 beat min!) in the presence of 
an adequate mean arterial pressure (MAP) 
(> 70 mm Hg) and precapillary wedge pressure 
(PCWP) (>8mmHg) before cannulation for 
bypass. 

In this situation, 10 min before administration 
of the B-blocker esmolol, fentanyl 5 pg kg and 
midazolam 0.1 mg kg were given to exclude 
light anaesthesia. Patients with persistent tachy- 
cardia (HR > 100 beat min`’) were given esmolol 
500 ug kg"! for 1 min, followed by a continuous 
infusion of 100 ug kg min“! until the end of the 
period of investigation. Twenty minutes after the 
start of administration of esmolol (when dP/dtmnax 
was decreased by more than 20%), patients were 
allocated randomly to two groups: group 1 
(n = 10) received enoximone 0.5 mg kg! as a 
bolus, and group 2 (n = 10) received dobutamine 
5 ug kg! min“ as an infusion. 

Haemodynamic monitoring consisted of MAP 
(by radial artery cannulation), HR, pulmonary 
artery pressure (PAP), PCWP, right atrial press- 
ure (RAP) and cardiac output (CQO) using thermo- 
dilution technique. Derived haemodynamic vari- 
ables (systemic vascular resistance (SVR), pul- 
monary vascular resistance (PVR) and cardiac 
index (CI)) were calculated from standard for- 
mulae. Left ventricular pressure (LVP), left 
ventricular end-diastolic pressure (LVEDP) and 
left ventricular contractility index (LVdP/dt,,,) 
(electronic differentiation, Hellige, Freiburg, 
West Germany) were obtained by direct cannula- 
tion of the left ventricle. 

All measurements were performed under 
steady-state haemodynamic and anaesthetic condi- 
tions before administration of esmolol (baseline 
values), 20 min after the start of esmolol and 5, 10, 
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15 and 20min after enoximone or start of 
dobutamine administration. 

After these measurements, arterial and venous 
cannulae were inserted and cardiopulmonary 
bypass was started. 

One- and two-factorial analyses of variance 
followed by the Scheffé test were used for 
statistical analysis. P < 0.05 was considered sig- 
nificant. 


RESULTS 


There was no difference in demographic data 
between groups. All patients were NYHA func- 
tional class II without severe impairment of 
myocardial function (LVEF > 50%; LVEDP < 
15 mm Hg) (table I). 
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Fic. 1. Mean (sp) changes in mean arterial pressure (MAP), 

heart rate (HR), and right atrial pressure (RAP) in the two 

groups (@=cnoximone 0.5 mgkg7?; O = dobutamine 

5 ug kg! min~+). Significant differences (P < 0.05): * from 
: baseline values; + between groups. 
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ENOXIMONE AND DOBUTAMINE IN B-BLOCKED PATIENTS 


TABLE I. Mean (SD) demographic data and preoperative heart 
function tm the two groups. LVEF = Left ventricular ejection 
fraction; LVEDP = left ventricular end-diastolic pressure 


Esmolol + Esmolol + 
enoximone dobutamine 
Age (yr) 56.8 (6.7) 57.0 (8.2) 
Weight (kg) 80.1 (8.2) 77.0 (3.5) 
Height (cm) 175.0 (7.8) 173.3 (7.0) 
LVEF (%) 69.9 (4.6) 71.1 (3.8) 
LVEDP (mm Hg) 12.5 (3.3) 13.0 (2.0) 
Previous myocardial 
infarctions 
One (No. patients) 9 8 
Two (No. patients) 1 2 


Esmolol decreased HR significantly in both 
groups (—27%), whereas MAP and RAP were 
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O = dobutamine Spgkg™' min“). Significant differences 
(P < 0.05): * from baseline values; ¢ between groups. 
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unchanged (fig. 1). Enoximone and dobutamine 
did not change MAP and RAP significantly; 
enoximone increased HR slightly (+10%) for 
10min. None of the patients suffered from 
arrhythmia during the study. 

Mean CI was decreased by esmolol in both 
groups (— 18.5 %) (fig. 2). Injection of enoximone 
20 min after the start of infusion of esmolol was 
followed by a significant increase in CI (+35%), 
whereas dobutamine produced no change in 
output. 

In comparison with baseline velues, SVR 
increased significantly in the dobutamine-treated 
patients (+ 44%). There was no change in SVR in 
the enoximone group. PVR increased only in 
patients who received dobutamine (+52%) 
(fig. 3). 
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Fie. 3. Mean (sD) changes in systemic vascular resistance 

(SVR) and pulmonary vascular resistance (PVR) in the two 
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Fic. 4. Mean (sp) changes in left ventricular pressure (LVP), 


left ventricular end-diastolic pressure (LVEDP), and 

dP/dt in the two groups (@ = enoximone 0.5 mg kg"}; 

O = dobutamine 5ygkg~! mun"). Significant differences 
(P < 0.05): * from baseline values; t between groups. 


Directly measured left ventricular haemo- 
dynamic variables (fig. 4) revealed no significant 
change in LVP and LVEDP. However, dP/dtmax 
decreased significantly in response to esmolol in 
both groups (approximately — 38 %). Enoximone 
increased dP/dr,,,, significantly (+ 39%), where- 
as dobutamine had no effect. No patient required 
pharmacological or mechanical support during 
weaning from cardiopulmonary bypass and all 
had an uneventful postoperative course. 


DISCUSSION 


Esmolol is a cardioselective B,-blocker without 
sympathomimetic activity or membrane stabil- 
izing effects [1,14]. Its distribution half-life is 
2min, and elimination half-life approximately 
9 min [15]. 
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Esmolol produced adequate reduction in HR in 
our study by achieving steady state plasma 
concentrations (loading dose followed by a con- 
tinuous infusion) [1,16]. Linear dose-related 
haemodynamic effects have been demonstrated in 
man [1]. Esmolol was effective in reducing HR 
during the pre-bypass period in our study. 
Myocardial contractility, however, was reduced 
markedly with the dose used. Although 
LVdP/dt,,,. is known to be dependent on HR and 
preload, this variable 1s accepted generally as an 
indication of ventricular contractility. 

Sympathomimetic amines are used widely for 
inotropic support and dobutamine in particular is 
favoured during coronary artery surgery because 
of its reduced effect on HR [5, 17, 18]. However, 
as a reduced responsiveness to B-receptor agonists 
may be anticipated in these patients, it is reason- 
able to select new agents which do not affect B- 
receptors and act at a site distal to the receptor 
[19,20]. Inhibition of phosphodiesterase-ITI 
offers an alternative treatment of depressed myo- 
cardial function [21-23]. Enoximone produces 
inhibition of only the membrane-bound high 
affinity cyclic adenosine monophosphate- 
phosphodiesterase (phosphodiesterase III, or type 
IV phosphodiesterase by revised nomenclature 
[24]) [25]. It has been proven to be of benefit in 
patients suffering from severely impaired myo- 
cardial function by increasing myocardial con- 
tractility and by decreasing afterload because of 
its vasodilating properties [19]. It has been used as 
a single dose, as in our study, or by continuous 
infusion [19,22]. A bolus of 0.5 mgkg! sig- 
nificantly increased contractility [26], with mod- 
erate effects on HR. In this study, enoximone 
increased HR only slightly (+10%) and for a 
short period (10 min). 

Although the use of positive inotropes is 
associated with the risk of increased myocardial 
oxygen consumption, with detrimental effects on 
global myocardial function [27], enoximone seems 
not to affect myocardial oxygen consumption or 
even decrease it because of a concomitant re- 
duction in systolic wall tension [28]. Moreover, an 
increased rate of ventricular relaxation occurs, 
attributable also to activation of the cAMP system 
[29]. Direct coronary dilatator effects were re- 
ported after administration of enoximone [30] and 
Mitrovic and colleagues [31] reported that enox- 
imone abolished stress-induced ischaemia in 
patients with coronary artery disease. 

Our study confirms that enoximone increases 
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ENOXIMONE AND DOBUTAMINE IN -BLOCKED PATIENTS 


myocardial contractility in spite of an effective 
‘block of B-adrenoceptors by esmolol. In animals, 
in which sympathetic-mediated reflex-induced 
changes in HR were blocked by the B-adreno- 
ceptor antagonist nadolol, both improvement in 
ventricular contractility and ventricular relaxation 
were achieved by the phosphodiesterase-III in- 
hibitor milrinone [20]. In contrast with this, acute 
pretreatment with esmolol blocked the B,-adreno- 
ceptor effects of dobutamine and led to a marked 
increase in peripheral resistance without accom- 
panying cardiac stimulation. These results are in 
accordance with other investigations stressing that 
dobutamine might have detrimental haemo- 
dynamic effects in patients who have received 
long-term medication with B-blockers [6]. In 
experimental studies, propranolol was reported to 
abolish the positive inotropic effects of dobut- 
amine, unmasking the a-adrenergic-receptor pro- 
perties of dobutamine [32]. The dose of dobut- 
amine in our study was small, but has been shown 
to be effective in patients with moderate myo- 
cardial dysfunction [7, 18]. Increasing doses (up 
to 40 pg kg"! min“), however, may cause a pro- 
nounced increase in HR with detrimental effects 
on myocardial oxygen consumption. 

Enoximone may be useful in treating patients 
with heart failure. These patients are often 
dependent on high sympathetic tone or rapid 
heart rate for an adequate cardiac output. How- 
ever, tachycardia is a disadvantage with respect to 
myocardial oxygen consumption and, in this 
situation, B-blockers may precipitate heart failure. 
The use of an ultra-short acting B-blocker to 
reduce heart rate in combination with the ino- 
tropic effects of enoximone might be of value and 
this combination warrants further investigation. 

It is concluded that dobutamine is not the drug 
of choice for inotropic support in patients acutely 
pretreated with B-blockers, whereas enoximone 
may improve haemodynamic status even in 
patients who are B-blocked. 
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ANALGESIC SIDE EFFECTS AND MINOR SURGERY: 
WHICH ANALGESIC FOR MINOR AND DAY-CASE 


SURGERY ? 


W. I. CAMPBELL 


SUMMARY 


A retrospective study was carried out to 
determine analgesic requirements in a group 
of orthopaedic outpatients (n = 145) and oral 
surgery inpatients (n = 172). The orthopaedic 
patients received a codeine—paracetamol pre- 
medication, an opioid during operation, or no 
analgesic. Less than 50% of the orthopaedic 
patients in these groups required any post- 
operative analgesia. However, there was a high 
incidence of vomiting (40%) in those receiving 
an opioid during operation, associated with 
overnight admission in more than 50% of those 
who vomited. In the patients undergoing oral 
surgery, ibuprofen administered before operation 
significantly reduced analgesic requirement, 
without unwanted side effects. The use of 
codeine—paracetamol or a non-steroidal anti- 
inflammatory agent before body surface surgery 
appeared to be advantageous in reducing post- 
operative analgesic needs, without causing 
problems associated with the stronger opioids. 


KEY WORDS 


Analgesics: codsine—paracetamol, ibuprofen. Premedication. 
analgesic. Surgery: minor, day care. 


Minor and body surface surgery constitute a 
considerable proportion of surgical workload. 
Many of these procedures may be carried out 
under local anaesthesia, which also confers some 
postoperative analgesia. Regional anaesthesia re- 
quires time and skill to administer and is not 
without side effects [1]. When general anaesthesia 
is used, some form of pain relief is required 
usually within the first few hours of recovery. The 
drugs used most frequently include the opioids 
and preparations containing aspirin or para- 
cetamol [2, 3]. 


Opioids are associated with respiratory de- 
pression, dizziness, nausea and vcmiting [4-6]. 
Although these side effects may eppear trivial, 
they may be incapacitating, especialty to otherwise 
ambulant patients [7]. Oral analgesics may take 
too long to become effective or may not be 
powerful enough. In addition, patients may be so 
nauseated because of pain itself, that they are 
unable to consume oral analgesics effectively [8]. 

McQuay, Carroll and Moore <arried out a 
retrospective study of analgesic requirements in 
929 orthopaedic patients [9]. Many received local 
or opioid analgesics before surgery, so that their 
first dose of analgesia was not required for many 
hours after surgery—often some comsiderable time 
after the first analgesic had ceased to act. Com- 
menting on this, Wall considered that analgesia 
given before surgery provided protection from the 
afferent stimulation of the spinal cord which 
results usually in cord hyperexcitability [10, 11]. 
Co-codamol (codeine phosphate 8 mg with para- 
cetamol 500 mg) and non-steroidel anti-infam- 
matory drugs (NSAID) given before surgery may 
reduce opioid needs in the period immediately 
after operation [12,13]. This potential benefit 
may result from inhibition of prostaglandin 
synthesis before tissue insult or from residual 
analgesia during recovery. 

The aim of this retrospective study was to 
determine the analgesic requirements following 
oral and minor orthopaedic procedures, and to see 
if the preoperative administration 3f an NSAID 
or codeine—paracetamol significan-ly influenced 
postoperative course. 


W. I. CAMPBELL, M.B., F.F.A.R.C.S.1., Anaesthetic Depart- 
ment, The Ulster Hospital, Dundonald, Belfast BT16 ORH, 
Northern Ireland. Accepted for Publicaticn: September 8, 
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PATIENTS AND METHODS 


Medical and nursing notes were studied of two 
groups of patients, treated during the previous 3 
years. The groups were orthopaedic day-patients 
undergoing removal of wire or screws from one 
upper limb, and oral surgery inpatients under- 
going extraction of one or more impacted lower 
3rd molars. Patients with a history of analgesic 
use before surgery were excluded, as were those 
receiving a prophylactic antiemetic drug during 
the perioperative period. 

The patients were allocated to groups as 
follows: 

Orthopaedic patients. Group A: no pre- or 
intraoperative analgesic given; group B: pre- 
medication with codeine 16 mg and paracetamol 
l g; group C: parenteral intraoperative opioid 
(levorphanol 1-2 mg or morphine 5-10 mg). 

Oral surgery patients. Group X: no pre- or 
intraoperative analgesic used; Group Y: pre- 
medication with ibuprofen 600 mg. 

The following data were obtained: age, sex, 
perioperative analgesic use, vomiting and un- 
expected admission of day-case patients. The 
incidence of nausea alone was not recorded, as this 
was not considered an objective endpoint. 

Results were analysed by the chi-square test for 
contingency tables, Fisher’s Exact test and the 
Mann-Whitney U test, as appropriate. P < 0.05 
was regarded as significant. 


RESULTS 


Subgroups within each of the two populations 
observed were comparable with respect to age and 
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sex. The majority of oral surgical patients received 
a sedative premedication (meprobamate 
400-600 mg); the orthopaedic patients did not as 
they were scheduled to return home at 17:00 on 
the day of surgery. Thiopentone was used for 
induction of anaesthesia in all the patients 
observed; anaesthesia was maintained with either 
halothane or enflurane in nitrous oxide and 
oxygen. Within any subgroup, no significant 
difference was observed between the sexes for 
analgesic use or the incidence of vomiting. The 
sexes were therefore pooled for further analysis. 


Orthopaedic patients (table I) 


Postoperative analgesic requirements were 
identical in groups B and C, who received 
codeine—paracetamol before operation and opioid 
during operation, respectively. The majority of 
patients (80%) in these two groups did not 
require any analgesic. The patients in group A (no 
analgesic used) required significantly more post- 
Operative analgesia than the other two groups 
(P < 0.01). 

The incidence of vomiting was greatest (40 %) 
in group C (opioid during operation) and least 
(5.6%) in group B (premedication with codeine- 
paracetamol) (P = 0.002). A similar difference was 
noted between patients receiving intraoperative 
opioid and those receiving no perioperative an- 
algesia (P = 0.02). The incidence of vomiting was 
not significantly different between groups A and 
B. None of the patients premedicated with 
codeine—paracetamol (group B) required admis- 
sion to hospital. A considerable number (22.9%) 
of those who received intraoperative opioid (group 
C) required admission, this being significantly 
greater than in groups A or B (P = 0.05, P = 0.01, 


TABLE I, Demographic data, analgesic requirement and incidence of vomiting in patients undergoing 
minor orthopaedic surgery (mean (SD) or frequency). P < 0.05: * compared with other groups; + compared 





with group B 
Group B Group C 
Group A (Co-codamol (Intraoperative 
(No analgesic) premedication) opioid) 
(n = 74) (n = 36) (n = 35) 
Age (yr) 35.5 (16.6) 37.9 (15.4) 37.2 (15.66) 
Sex (M:F) 46:28 22:14 23:12 
Postoperative analgesic 
Nil (%) 39 (52.7) 29 (80.6) 28 (80) 
Co-codamol (%) 16 (21.6)* 4(11.1) 4(11.4) 
Parenteral opioid (%) 19 (25.7)* 3 (8.3) 3 (8.6) 
Vomited (%) 12 (16.2) 2 (5.6) 14 (40)t 
Required admission (%) 4 (5.4) 0 (0) 8 (22.9)* 
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TABLE II. Demographic data, analgesic requirement and incidence of vomiting in patients undergoing oral 
surgery. *P < 0.01 compared with group X 


Group Y 
Group X (Ibuprofen 600 mg 
(No analgesic) before op.) 
(n = 79) (n = 93) 
Age (yr) 23.9 (5.2) 24.9 (5.5) 
Sex (M: F) 27:52 38:55 
Postoperative analgesic 
Nil (%) 9 (11.4) 23 (24.7)* 
Co-codaprin (%) 34 (43) 58 (62.4) 
Parenteral opioid (%) 35 (45.6) 12 (12.9) 
Vomited (%) 15 (19) 11 (11.8) 


respectively). The incidence of admission was not 
significantly different between groups A and B. 


Oral surgery patients (table IT) 

Premedication with ibuprofen significantly re- 
duced postoperative analgesic requirement. A 
greater number of patients in group Y did not 
require any postoperative analgesia (P < 0.01). In 
addition, although fewer patients in group Y 
needed parenteral opioid, more required a mild 
analgesic—Co-codaprin soluble (codeine 8 mg 
with aspirin 400 mg). Despite this, the incidence 
of vomiting was not significantly different between 
the two groups. 


DISCUSSION 


The results of the orthopaedic study indicate that 
routine administration of analgesics before or 
during surgery reduced postoperative analgesic 
requirements. More than 50% of each ortho- 
paedic group required no postoperative analgesia. 
However, many patients may have received a 
strong analgesic unnecessarily, resulting in 
vomiting and perhaps an unnecessary overnight 
hospital stay. The overnight admission rate was 
four times greater in those who received peri- 
Operative opioids, compared with those who 
received no perioperative analgesia. As 25.7% of 
the patients in group A required parenteral 
opioids, this probably contributed to the greater 
incidence of vomiting, although untreated pain 
may also cause nausea and vomiting [8]. 

A compromise may be to use paracetamol or an 
NSAID. The results of using analgesics such as 
Co-codamol before operation would appear to be 
effective, yet with minimal side effects. 

Preoperative administration of NSAID is prac- 


tised widely before oral surgery, in an attempt to 
reduce postoperative pain [14, 15], with favour- 
able results. Most oral surgery patients required 
some form of analgesia after their operation (table 
II), although the use of parenteral opioids was 
reduced markedly (more than three-fold). In 
addition, the incidence of vomiting was reduced 
following the use of NSAID, probably because of 
pain reduction, in addition to reduced opioid 
requirement. 


It i8 concluded that simple analgesics and 
NSAID have a valuable role in postoperative pain 
control. Administration before surgery may con- 
vey some protective action against prostaglandin 
synthesis resulting from surgical insult. Residual 
analgesia in the recovery period may also reduce 
the parenteral opioid requirement and associated 
side effects. 
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SOME PHYSIOLOGICAL AND 
CHEST PHYSIOTHERAPY 


D. SELSBY AND J. G. JONES 


The ciliated epithelium which lines the airways 
is responsible for continuous flow of mucus over 
the airway surface to the upper respiratory tract. 
This mechanism becomes ineffective in broncho- 
pulmonary disease which is characterized 
by excessive production of mucus, impaired 
mucociliary clearance and, eventually, pulmonary 
failure. This may be a chronic disorder, as in 
bronchitis and cystic fibrosis, or an acute problem 
occurring in patients following anaesthesia, 
mechanical ventilation and intensive therapy. 
This review examines some of the physiological 
mechanisms involved in clearance of excessive 
bronchial mucus in these circumstances and the 
role of various physical therapies designed to 
accelerate this process. Chest physiotherapy, in 
the form of postural drainage, percussion and 
vibration (PDPV), “coughing exercises ”, and the 
“Forced Expiratory Technique” (FET) are dis- 
cussed. The problems of physiotherapy-induced 
bronchospasm and hypoxaemia are also noted. 


PHYSIOLOGY OF FLOW IN LIQUID LINED AIRWAYS 


Two-Phase Flow 


Flow of air through the tracheobronchial tree and 
its interaction with the mucus lining is complex 
because of branching geometry of the airways, 
collapsible airway walls, constantly changing 
velocity of air flow and varying viscoelastic 
properties of mucus (fig. 1). Simple models of 
flow in the airways often assume laminar condi- 
tions. This may be true in small airways and it 
implies that the velocity of flow at the airway wall 
is virtually zero and that there is no interaction 
between air and liquid lining the wall. A more 
realistic model, particularly for the large airways, 
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Lung physiotherapy 
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Fic. 1 Different types of flow in the airways. P = pressure 
decrease in the airway; V = flow; r = airway radius; yu, p = 
gas viscosity and density, respectively. Flow through junc- 
tions induces vortices, the intensity of which depends upon 
the angle of branching as well as the velocity of flow. Airway 
collapse, as in the Starling resistor, induces strong interaction 
between gas flow and liquid lining the wall. 


Two-phase 


is turbulent flow where the velocity of gas is high 
at the wall, with strong interaction between air 
flow and the mucus lining the wall. This type of 
gas—liquid interaction is termed two-phase flow, 
studied originally in models of the trachea and 
bronchi by Clarke, Jones and Oliver [11] and, 
more recently, by Sackner and Kim [51]. It is of 
crucial importance in removal of excessive mucus 
in endobronchial disease. 

The normal human bronchial tree is lined by a 
thin (5 um) layer of mucus which is moved over 
the airway surface by the mucociliary escalator. 
However, in endobronchial disease this may 
exceed 5mm in thickness and ciliary clearance 
becomes ineffective. Two-phase flow now be- 
comes an important mechanism of clearance, and 
at a particular combination of air flow, mucus 


D. SELSBY, F.C.ANABS ; J. G. JONES, M.D., F.R.C.P., F.C.ANAES. ; 
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Fic. 2. Effect of a liquid layer on the pressure—-flow relation- 

ships in a tube similar to the trachea. The predicted increase 

in pressure change by narrowing the tube radius (r) by 0.5, 1 

and 2 mm is shown in the upper panel. The actual pressure 

decrease in the same tube narrowed the same amount by a 

liquid layer is shown in the lower panel (Redrawn, with per- 
mission, from reference [11].) 


viscosity and thickness there is a very strong 
gas~liquid interaction which first exacerbates the 
pressure decrease then detaches liquid from the 
airway wall. 

Narrowing the lumen of a tube with a layer of 
fluid causes a much greater resistance than that of 
a dry walled tube of the same internal diameter 
(fig. 2). For example at a flow rate of 1.5 litre s"1, 
above the transition to turbulent flow, the press- 
ure decrease in a trachea lined by a 2-mm thick 
layer of fluid was more than 10 times greater than 
expected. Thus two-phase flow may cause con- 
siderable increase in airway resistance just before 
detachment of mucus from the wall. However, if 
the critical flow rate for mucus detachment cannot 
be achieved (e.g. if mucus viscosity is too great) 
then respiratory muscle fatigue may ensue. There- 
fore, two-phase flow occurs after the transition 
from laminar to turbulent flow, and Reynold’s 
number (Re) may be used to describe the flow 
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Fic. 3, A: Large airways lined with a thick layer of mucus. B: 
During forced expiration, different types of gas-liquid flow 
may be seen in different parts of the airway. In the narrowed 
downstream segment there 18 high gas velocity, strong gas— 
liquid interaction and must flow. Upstream there is less strong 
gas-liquid interaction and annular flow, with slug flow in 
smaller airways further upstream. EPP = equal pressure 
point which, during forced expiration, moves upstream ahead 
of the narrowed downstream segment. 


rates needed for gas—liquid interaction. Re is a 
function of velocity of flow (v) and tube diameter. 
An Re of 2000 is considered usually to be the 
critical value for transition from laminar to 
turbulent flow in a tube (although it may vary 
widely) and this value is achieved readily by tidal 
breathing in the human trachea. We found that 
gas-liquid interaction would occur with an Re of 
3000 with a l-mm thick layer of mucus in a tube 
8mm in diameter, but at a much lower Re in 
branched tubes [11]. Higher Re values are needed 
for thinner layers of mucus, but quite low Re 
values may be sufficient to detach mucus in 
smaller airways. 

There are three basic patterns of gas-liquid 
flow which are relevant to mucus clearance from 
the lung: slug flow, annular flow and mist flow 
(fig. 3). Slug flow occurs when large bubbles of air 
pass at a velocity (v) of 60-1000 cm s~? through 
airways filled partially with mucus. Annular flow 
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Fic. 4. Frames from a cine tracheobronchogram to show dynamic compression of the trachea extending 

upstream beyond the carina. A = Just after the start of a cough manoeuvre and before peak flow ıs 

achieved. The arrow indicates the upstream end of the compressed segment moving upstream during the 
cough as lung volume reduces from C to G (residual volume). 


takes place when air flows at 2000-2500 cm s7} 
through tubes lined with a continuous layer of 
mucus. Mist flow occurs at higher flow rates, 
> 2500 cm s71, which detach mucus from the 
wall. The fact that the airways are collapsible 
obviously creates ideal conditions for this reaction 
and enhances the efficiency of the clearance 
mechanism. 

The layer of mucus may vary in viscosity from 
10 to more than 1000 mPa: s and this is determined 
largely by the water content, the viscosity of water 
being 1 mPa-s. However, mucus may also show 


marked thixotropy, so that its viscosity may ’ 


decrease 100-fold at high sheer rates. Thus the 
combination of cough and airway narrowing leads 
to high Re values and sheer rates which reduce 
mucus viscosity and aid clearing of the airways by 
annular and mist flow. 


Dynamic Compression of Airways and Mucus 
Clearance 


During a cough, the upper end of the trachea 
suddenly narrows and, with diminishing lung 
volume, this narrowed segment moves rapidly 
upstream past the carina into the small bronchi. 
This moving segment, or throat, is the site of 
maximum gas velocity with high Re and maximum 
gas-liquid interaction which clears mucus from 
the airway wall (fig. 4). Jones, Fraser and Nadel 
[28] were the first to show that the maximum 


expiratory flow could be calculated from the 
compliance of the compressed segment and elucid- 
ated the mechanism whereby this segment main- 
tains a constant flow independent of driving 
pressure (see Appendix). 

Measuring the pressures across the airway walls 
shows where the pressures inside and outside the 
tracheobronchial tree are equal—the Equal Press- 
ure Points (EPP) [28]. During a cough, the EPP 
moves rapidly ahead of the compressed segment 
along the airway from the trachea into pro- 
gressively smaller airways. This is important 
because, upstream of the EPP, the pressure inside 
the lumen is greater than outside; thus the airways 
between the alveoli and the EPP are fully patent. 
This results in relatively low sheer rates between 
gas and mucus, with poor clearance. Downstream 
of the EPP, the airway is compressed and has a 
very high gas velocity, giving mist flow and rapid 
clearance of airway mucus (fig. 3). This is the 
normal mechanism whereby cough clears mucus 
from the walls of the central airways, but it may 
not be effective if mucus viscosity is very high, 
> 10000 mPa-s, when the mucus may behave 
more like a solid than a liquid. 


High Frequency Chest Wall Oscillation 
(HFCWO) 


More recently, the principle of two-phase flow has 
been re-examined to see if a high frequency 
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oscillation applied to either the airway or the chest 
wall may achieve a greater degree of mucus 
clearance than is achieved by cough. Cough is 
likely to exert a greater effect in the larger central 
airways than in the smaller peripheral airways, 
and high frequency chest wall oscillation 
(HFCWO) was proposed as a mechanism for 
enhancing peripheral airway clearance via a two- 
phase flow effect [10, 30]. HFCWO is achieved 
by means of a modified double arterial pressure 
cuff wrapped around the thorax and oscillated at 
3-17 Hz with peak pressures up to 100 cm H,O. 
This achieves tracheal airflow of 1-3 litre s~ and 
it has been shown in animal experiments that 
30 min of HFCWO significantly enhanced mucus 
clearance from the trachea and from more per- 
ipheral zones. 

In contrast to these findings, the application of 
High Frequency Oscillation (HFO) to the airway 
opening reduced the rate of mucus clearance from 
peripheral airways [34]. These interesting results 
lend some support to the practice by physio- 
therapists of external chest vibration as a method 
of clearing peripheral airways. However, they 
have yet to be shown to be of any proven value in 
clearing peripheral airways in man. 

Meanwhile, the most plausible mechanism of 
clearing airways in man is by inducing gas-liquid 
interaction during a simulated cough manoeuvre. 
There are sound physiological reasons why this 
method should be utilized in the physiotherapy of 
patients with chest disease, but more attention 
should be given to the viscoelastic and thixotropic 
properties of mucus [30] and to the possibility 
that chest wall oscillation has an important role to 
play in clearance of lung mucus. 


CLINICAL ASPECTS OF CHEST PHYSIOTHERAPY 


Management of Ward Patients with Respiratory 
Disease 
Previous authors have attempted to clarify the 
role of chest physiotherapy in patients with both 
acute and chronic respiratory problems 
[31, 53, 58], and copious production of sputum 
has been shown to be a sound indication for its use 
{2, 12, 39, 59]; the benefits are reflected by im- 
proved lung function tests [12, 59] and enhanced 
clearance of sputum [2, 39]. In contrast, physio- 
therapy in patients with acute exacerbation of 
chronic bronchitis but without copious sputum 
either produced no improvement in lung function 
tests and blood-gas tensions [1, 41] or even caused 
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a reduction in forced expiratory volume in Is 
[8, 65], which was preventable by prior administ- 
ration of a bronchodilator [8]. 

Coughing exercises have been compared also 
with PDPV in patients with cystic fibrosis, and 
found to be equally effective in increasing sputum 
production [16]. We have already discussed the 
“two-phase gas-liquid flow” mechanism by 
which cough effects sputum movement. However, 
the high transmural pressures produced during 
coughing lead to dynamic compression of the 
airways, which may inhibit mucociliary clearance 
upstream of the EPP [54]. Therefore, a procedure 
termed the “‘forced expiratory technique” (FET) 
was introduced to circumvent this problem, and 
promotes a higher rate of airflow in smaller 
airways by moving the EPP further upstream. 
This technique involves expiring forcefully from 
mid to low hing volumes whilst maintaining an 
open glottis (“‘huffing”’ exercises). Studies using 
FET [47, 56, 57] have been encouraging, and it 
was shown to be superior to both directed 
coughing [57] and PDPV [47, 56] in enhancing 
removal of sputum. Sutton and colleagues [56, 57] 
evaluated this technique in chronic bronchitics 
with copious sputum using an inhaled radio- 
aerosol method. They found that FET produced 
greater clearance of inhaled radiolabelled particles 
than both regimented coughing [57] and per- 
cussion and vibratory exercises [56]. However, 
the amount of sputum obtained was increased 
further when FET was combined with postural 
drainage compared with FET alone. Pryor and 
colleagues [47] also compared FET and postural 
drainage with PDPV in subjects with cystic 
fibrosis and confirmed that this regimen cleared 
more sputum and in less time than conventional 
physiotherapy. This is of particular importance to 
these patients as it enables them to practise an 
effective method without having to rely on others 
for help. 

Several studies have been performed also to 
assess the effects of PDPV, cough and FET on 
peripheral lung clearance. In 1979, Bateman and 
colleagues [2] used a radioaerosol method to 
define the parts of the lungs affected by PDPV in 
patients with chronic bronchitis with copious 
sputum. The authors concluded that PDPV had 
improved radioaerosol particle clearance from all 
compartments of the lung, including the peri- 
phery. However, their use of the term lung 
periphery was misleading, as it referred to the 
lateral 40% of the lung in terms of area on an 


4. 


CHEST PHYSIOTHERAPY : PHYSIOLOGICAL AND CLINICAL ASPECTS 


isotope scan, and included parts of the main 
bronchi. Also, their computer pictures of lung 
radioactivity showed that the 5-um particles were 
confined mainly to the central airways. Wollmer 
and colleagues [65] used a radioaerosol technique 
similar to that of Bateman’s group [2], but found 
that chest percussion did not enhance particle 
clearance from either central or peripheral 
regions. The explanation for these contrasting 
results is that Wollmer’s patients were given 
coughing exercises, whereas Bateman’s control 
patients were asked to refrain from coughing 
during the monitoring period. Bateman’s group, 
therefore, repeated their earlier study of patients 
with chronic bronchitis [2], and compared cough- 
ing exercises with PDPV [3]. They found that 
both therapies produced equal central lung clear- 
ance, but that only PDPV had any effect on the 
periphery. However, the same misleading criteria 
for interpreting the term “lung periphery” were 
used as in their previous study. 

The value of coughing exercises has been 
demonstrated in other studies [3, 16, 43], and a 
radioaerosol method in patients with chronic 
bronchitis showed that they increased both per- 
ipheral and total lung clearance [43]. However, 
after assessing the effects of directed coughing 
compared with FET on sputum clearance, Sutton 
and colleagues [57] observed correctly that they 
were unable to comment on regional mucus 
clearance because the 5-um radioactive particles 
did not penetrate to the periphery. Therefore, the 
validity of such results regarding peripheral 
clearance using inhaled radioparticles is uncer- 
tain; Pavia and colleagues [46] have discussed the 
problems inherent in this methodology. 

Alternative evidence for the effects of chest 
physiotherapy on peripheral lung secretions is 
available from clinical outcome studies in patients 
with peripheral lung disease. In 1978, Graham 
and Bradley [22] assessed patients with acute 
pneumonia who demonstrated radiographic and 
clinical evidence of consolidation. The results 
showed no difference between the PDPV and 
control groups in earlier resolution of chest x-ray 
signs, duration of fever, or decreased hospital 
stay. Britton, Bejstedt and Vedin [7] monitored 
171 patients with acute primary pneumonia, and 
compared the effects of regular PDPV with advice 
on expectoration and deep breathing. In addition 
to the lack of benefit found by Graham and 
Bradley [22], this study demonstrated prolonga- 
tion in the duration of fever and an increased 
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hospital stay in patients given physiotherapy. The 
only explanation offered by the authors was that, 
instead of clearing the infected material, PDPV 
may have caused it to spread to the surrounding 
tissue. 

Therefore, PDPV, cough and especially FET 
are beneficial in enhancing clearance of excessive 
central airway secretions, but there is far less 
support for their use in patients without copious 
sputum or with peripheral consolidation. 


The Role of Chest Physiotherapy in Perioperative 
Patient Care 


Pulmonary complications are a common cause of 
postoperative morbidity and mortality; the 
incidence has been reported to vary between 6% 
[64] and 80% [32]; it is increased in upper 
abdominal surgery [32], older patients [13], 
smokers {64] and patients with pre-existing lung 
disease [64]. Atelectasis 1s the most common post- 
operative complication, especially after upper 
abdominal surgery, and was noted as early as 
1908, by W. Pasteur [45]. Many studies have been 
performed since to assess the effects of physio- 
therapy and other treatments on the incidence of 
postoperative respiratory problems. 

In 1953, Palmer and Sellick [44] suggested the 
following sequence of events in the aetiology of 
bronchopneumonia: 

Various factors > increased secretions > blockage 
of smaller bronchi —> absorption of air distally > 
atelectasis > bronchopneumonia. 

They postulated that, if the bronchi could 
be kept clear of secretions, subsequent complica- 
tions would be reduced. They set up two large 
studies in patients undergoing either inguinal 
hernia repair or partial gastrectomy. In the first 
study the control group was given regular breath- 
ing exercises, and the treatment group underwent 
frequent PDPV combined with 6-hourly iso- 
prenaline inhalation. Postoperative atelectasis 
diagnosed radiographically was reduced from 
43% to 9% by this treatment regimen. However, 
their second study showed that physiotherapy 
without the isoprenaline inhalations had no effect 
on postoperative outcome compared with regular 
breathing exercises. The importance of broncho- 
dilator therapy during PDPV was confirmed in 
1975 by Campbell, O’Connor and Wilson [§]. 

Stein and Cassara [55] evaluated the effects of 
the patient’s preoperative chest condition on post- 
operative complications. Their patients were 
classified into a “‘healthy”’ control group and a 
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“poor risk” group with abnormal preoperative 
lung function tests. Chest physiotherapy was 
administered to only 50% of the poor risk group 
and was combined with antibiotics, B,-agonists, 
and humidified gases. An increased incidence of 
postoperative pulmonary complications was 
demonstrated only in the untreated poor risk 
group. However, one cannot deduce from this 
study the exact benefits of physiotherapy in poor 
risk patients because of the range of therapy used, 
including the use of bronchodilators. 

Laszlo and colleagues [32] confirmed the ob- 
servation that “‘healthy” patients are unlikely to 
benefit from chest physiotherapy. They studied 
86 non-bronchitic patients allocated at random to 
treatment and control groups. The treatment 
group was given twice daily PDPV for 5 days after 
operation, but was found to have the same 
incidence of respiratory complications, assessed 
by sputum and radiographic changes, as the no- 
treatment control group. An inherent problem in 
such studies is the difficulty in differentiating 
between chest infection and atelectasis. For ex- 
ample, Morran and colleagues [40] monitored 102 
consecutive patients presenting for chole- 
cystectomy. Physiotherapy and control groups 
were matched well for characteristics likely to 
affect postoperative respiratory morbidity; the 
authors concluded that prophylactic physio- 
therapy reduced the incidence of postoperative 
chest infection. However, this conclusion was not 
justified, as the authors’ criteria for infection and 
atelectasis were similar, and there was little 
difference in the incidence of combined post- 
operative complications. 

The possibility that chest physiotherapy may 
cause a complication which it is aiming to prevent 
has been demonstrated in paediatric patients by 
Reines and colleagues [48]. They monitored 50 
patients aged 3 months to 9 yr undergoing cardiac 
surgery for congenital heart disease. Patients were 
allocated randomly to routine physiotherapy and 
control groups, and atelectasis was diagnosed by 
radiographic interpretation by a radiologist un- 
aware of the treatment each patient had received. 
The physiotherapy group not only developed 
atelectasis more frequently than the control group, 
but also had a more prolonged hospital stay. 
Explanations proposed by the authors for this 
unexpected result included: pain induced by 
physiotherapy, the Trendelenburg position, mu- 
cus plugging of larger airways, and the com- 
pressive effects of percussion on a compliant 
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chest. Therefore, routine chest physiotherapy 
without positive indications may be detrimental, 
but patients with excessive secretions or acute 
atelectasis caused by sputum blockage of central 
airways merit treatment and should not be denied 
physiotherapy. 

Chest physiotherapy has been compared also 
with other forms of perioperative respiratory 
therapy. Schuppisser, Brandli and Meili [52] 
studied the postoperative effects of physiotherapy 
compared with intermittent positive pressure 
breathing. Although the number of patients in 
this trial was small, the results showed that neither 
therapy produced any beneficial change in pul- 
monary function. When compared with incentive 
spirometry in patients undergoing upper abdomi- 
nal surgery, Craven and colleagues [15] found 
that physiotherapy increased the incidence of 
postoperative chest problems; 17 of the patients 
in the physiotherapy group were smokers or had 
chronic lung disease and 15 developed some 
degree of collapse or consolidation. 

These studies thus indicate that routine peri- 
operative chest physiotherapy in the form of 
PDPV is riot of value in patients with healthy 
lungs even when undergoing upper abdominal 
surgery, but it may benefit patients with chronic 
respiratory disease if combined with broncho- 
dilators. Otherwise, it should be used selectively 
in patients with positive indications such as 
copious sputum or acute atelectasis. Furthermore, 
in view of the poor results from several of the 
studies described above, therapies other than 
PDPV merit investigation, and the forced ex- 
piratory technique in particular is worthy of 
future evaluation. 


The Role of Chest Physiotherapy in Critically Ill 
Patients 


The studies discussed so far can be used to 
provide some guidelines on the likely benefits or 
disadvantages of PDPV in patients in the In- 
tensive Care Unit (ICU). However, the critically 
ill patient may be at greater risk during physio- 
therapy because of the severity of the illness (e.g. 
septicaemia, hypotension or respiratory failure), 
and the presence of other non-pulmonary injuries 
or problems (e.g. patients with increased in- 
tracranial pressure) [18, 42,50]. In particular, 
numerous studies have shown that PDPV may 
produce short term hypoxaemia in both adult 
[14, 20, 21, 26, 33, 61] and neonatal [19, 25, 63] 
patients. 
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The problem of physiotherapy-associated 
hypoxaemia 


In 1980, Connors and Hammon [14] evaluated 
sputum production as an indicator for chest 
physiotherapy in critically ill patients with non- 
surgical pulmonary pathology. Their patients 
were classified into those with little sputum 
production and those with moderate to large 
volumes of sputum. In the first group, they found 
a decrease in Pao, of 2.23 kPa immediately after 
PDPV, and a further decrease of 0.7 kPa at 30 min. 
In contrast, there was no change in Pao, after 
physiotherapy in the second group. However, 
other studies [21, 33] showed that hypoxaemia 
following PDPV may occur even in patients with 
profuse secretions. These changes in Pao, are 
unexpected, as increasing sputum clearance 
should have improved ventilation; studies of neo- 
natal chest physiotherapy may help elucidate the 
possible mechanisms for this hypoxaemia. 

Holloway and colleagues [25] assessed the 
effects of PDPV and hyperinflation on the Pap, of 
neonates undergoing ventilation for tetanus. 
Physiotherapy produced a decrease in mean Pap, 
lasting for 1h after treatment. Hyperventilation 
was unable to prevent this decrease, but did 
hasten the return to pre-physiotherapy concen- 
trations of Pao, Fox, Schwartz and Shaffer [19] 
studied neonates in whom the trachea was intu- 
bated mainly for respiratory distress syndrome 
(RDS) and found an alarming reduction in Pao, 
from 9.7 to 5.7 kPa, which lasted for 30 min after 
physiotherapy. Bradycardia was noted also during 
tracheal suction in some patients. The main 
difference between this study and that of Hollo- 
way. [25], in which reductions in Pao, were much 
less severe, is that these patients were not 
paralysed. Therefore, one reason for this hypox- 
aemia is greater neonatal activity, as reflected by 
increased oesophageal pressure and frequency of 
ventilation [19]. The need for patient sedation 
during tracheal suctioning was investigated by 
Ninan and colleagues [42] in neonates with RDS. 
Sedation attenuated increases in mean arterial 
pressure and intracranial pressure during tracheal 
suctioning, but decreases in Pao, occurred in both 
groups. Walsh and colleagues 163] showed that 
chest vibration and tracheal suctioning have an 
additive adverse effect on transcutaneous oxygen 
tensions (Ptcy,) of premature neonates undergoing 
ventilation. Furthermore, supplementary oxygen 
was unable to prevent the severe reductions in 
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Ptco,, indicating a large shunt, but it did hasten 
return to baseline values. 

Another possible mechanism for this hypox- 
aemia is atelectasis, as its incidence was shown to 
increase after both PDPV [48] and tracheal 
suctioning [6, 49]. In addition, repetitive cough- 
ing following intubation was found also to de- 
crease markedly the functional residual capacity 
in adult surgical patients [4]; it may have a similar 
effect during chest physiotherapy and contribute 
to atelectasis. By using a CT scanner and other 
techniques, Hedenstierna and colleagues [24, 60] 
showed that general anaesthesia itself induced 
basal collapse which was potentiated possibly by 
neuromuscular blocking drugs and was associated 
with increased alveolar—arterial oxygen difference. 
Sedated patients who have undergene tracheal 
intubation are, therefore, already compromised 
and PDPV or tracheal suctioning may cause 
further atelectasis and account for the hypoxaemia 
demonstrated in many studies. 

Additional evidence for a link between tracheal 
suctioning and aetelectasis was demonstrated by 
Velasquez and Farhi [62] in anaesthetized, para- 
lysed dogs. They showed a strong correlation 
between the negative intratracheal pressure 
during tracheal suctioning and both reduced lung 
compliance and increased venous shunting. Vari- 
ous methods of preventing the hypoxaemia caused 
by the suctioning have also been studied. Carlon, 
Fox and Ackerman [9] evaluated a “closed- 
tracheal suction system ” which obviated the need 
for ventilator disconnection on each occasion that 
the airways were suctioned. This closed system 
was compared with conventional open tracheal 
suctioning; deterioration in Pao, occurred only 
during open suctioning in patients receiving more 
than 10cm H,O of PEEP. The advantage of 
avoiding ventilator disconnection during tracheal 
suctioning was shown to be one of the benefits of 
jet ventilation [29], and a valve attachment for 
tracheal tubes was designed allowing suction 
without interruption of conventional ventilation 
[5]. 

Therefore, PDPV, tracheal suctioning and 
ventilator disconnection may contribute to the 
short term hypoxaemia occurring in many criti- 
cally ill patients following chest physiotherapy. 
The most likely mechanism for this hypoxaemia is 
atelectasis, although stimulation of the patient 
causing increased oxygen extraction may also bea 
factor. 
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Studies supporting chest physiotherapy in ICU 
patients 

In contrast with the studies demonstrating 
physiotherapy~associated hypoxaemia, there is 
also evidence for beneficial effects of chest physio- 
therapy in critically ill patients; three studies were 
performed by the same authors, MacKenzie and 
Shin, with others [35-37]. 

In 1978 [37] they assessed 47 patients in their 
ICU. Most patients had either chest or head 
injuries, were septicaemic or had spinal cord 
transection. The indications for PDPV in these 
patients were secretions detected by auscultation, 
impaired gas exchange with radiographic changes 
of atelectasis, or lung contusion. Before each 
physiotherapy session, patients were assessed 
clinically and had a radiograph to locate the site of 
pathology. PDPV was then used until this portion 
of the lungs was clinically improved. Their mean 
time for each session was 51 min! The results 
showed no improvement in post-treatment Pao, 
but there was a 74% success rate in clearing 
unilobular radiological densities or atelectasis, 
and a 60 % rate of resolving multilobular changes. 

In 1980 [36] the same group studied changes in 
total thoracic compliance following physiotherapy 
in 42 patients undergoing ventilation for chest 
trauma. With the exception of excessive secre- 
tions, the indications for PDPV in this group were 
atelectasis (29 patients) and lung contusion 
(eight). The results showed an increase in total 
lung + chest wall compliance immediately after 
and for 2h after physiotherapy. No other data 
were recorded in this study and the mean time for 
PDPV was 57 min! However, in 1985 the same 
authors [35] conducted a more detailed investi- 
gation of cardiorespiratory function before and 
after chest physiotherapy in patients undergoing 
ventilation for post-traumatic respiratory failure. 
The only improvements in cardiorespiratory func- 
tion were reduced intrapulmonary shunt immedi- 
ately after PDPV, and increased total thoracic 
compliance at 2h after the procedure. Cardiac 
index (CI) and Pag, values were not altered 
significantly. One reason for the stable CI is that 
these patients did not undergo hyperventilation 
during PDPV by either “bag squeezing” or other 
methods. The significance of these results is 
questionable, as decreased pulmonary shunt com- 
bined with stable CI should have improved Pao, 
Furthermore, as these physiotherapy sessions 
lasted 67 min, monitoring arterial oxygenation 
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during the procedure would have been both 
advisable and informative. 

MacKenzie and Shin considered that atelectasis 
was one of the main indications for chest physio- 
therapy, and this has been confirmed by other 
workers [23,38]. Hammon and Martin [23] 
reported five case histories involving nine episodes 
of acute lobar collapse, and in every case PDPV 
was successful in re-expanding collapsed portions 
of the lung, but they emphasized that patients 
must be monitored closely, as “‘some critically ill 
patients receiving PDPV have a worrisome and 
unexplained fall in arterial oxygen tension”. 
Marini, Pierson and Hudson [38] compared 
PDPV with fibreoptic bronchoscopy in 31 patients 
with acute lobar collapse. Pre- and post-treatment 
chest x-rays showed that both methods were 
equally effective in increasing lung volume. How- 
ever, an additional finding in this study was that 
the success rate depended on whether or not there 
was an air bronchogram. If this was present, the 
resolution rate was only 26%, compared with 
86% with no bronchogram. The explanation was 
that with no air bronchogram there was sputum 
blockage of a bronchus with secondary collapse, 
but with a bronchogram there was distal collapse, 
but no sputum plug. The fact that chest physio- 
therapy has little effect in clearing secretions from 
the lung periphery has been demonstrated also in 
patients with consolidation [7, 22]. 

In contrast with the adverse effects of neonatal 
chest physiotherapy observed in previous studies 
{19, 25, 63], Finer and Boyd [17] found that a 
specially designed form of chest percussion im- 
proved the oxygenation of neonates with res- 
piratory distress. Postural drainage alone had no 
effect on oxygenation but, when combined with 
“contact-heel”?” chest percussion (rhythmic ap- 
plication of the heel of the hand to the neonate’s 
chest wall), mean Pap, values improved from 8 to 
10 kPa. Because of the special nature of the chest 
percussion utilized in this unit, these results 
cannot be compared directly with those from 
other neonatal studies, and the authors observed 
correctly that each unit should evaluate its own 
physiotherapy procedures before accepting them 
as standard practice. 

Thus excessive secretions and acute atelectasis 
are also sound indications for chest physiotherapy 
in critically ill patients, as demonstrated by 
beneficial changes in total thoracic compliance 
and chest x-ray signs. However, because of the 
possibility of short term hypoxaemia associated 
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with physiotherapy, arterial oxygen tensions 
should be monitored and PDPV must be used 
with particular care in patients with low baseline 
oxygenation. 


CONCLUSION 


The physiological aspects of mucus clearance 
have been discussed, and the relative merits of 
coughing exercises, the forced expiratory tech- 
nique (FET), and postural drainage, percussion 
and vibration (PDPV) have been evaluated. All 
these manoeuvres are of value to patients with 
copious sputum confined mainly to the central 
airways, but FET, especially when combined 
with postural drainage, has been shown to be 
superior to both cough and PDPV in such 
patients. Atelectasis caused by sputum blockage 
of a major airway is also a good indication for 
PDPV. However, PDPV may induce both 
bronchospasm and hypoxaemia in many patients, 
and therefore the indications should be evaluated 
soundly before its use. This is particularly 
necessary in critically ill patients with little 
cardiorespiratory reserve. More research is still 
required and, in particular, we need to: 

(a) verify the effects, and possible benefits of high 
frequency chest wall oscillation on clearance of 
peripheral mucus; 

(b) determine if FET + postural drainage should 
replace PDPV in patients breathing spon- 
taneously ; 

(c) evaluate the role of bronchodilators during 
physiotherapy ; 

(d) examine more clearly the reasons for the short 
term hypoxaemia caused by physiotherapy in 
many critically ill patients; 

(e) assess if regular prophylactic chest physio- 
therapy in ICU patients undergoing ventilation 
decreases the incidence of chest complications. 


APPENDIX 


Jones, Fraser and Nadel [28] showed that flow (V) or velocity 
(v) can be predicted from p, the gas density, the cross sectional 
area (A) and the transmural pressure (AP) at the compressed 
segment: 


V 2AP 
A p 
or 
ý P 
0 = —= | ZA— (2) 
A p 
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The compliance of the compressed airway shows that: 
A 1 
— = -log AP 3 
ae on (3) 


where Ao 1s the area at full lung inflation. 
From equation (3), the specific compliance per unit length is. 


1 dA 1 
Ao åP 2AP 
Therefore: 
spect = 
2 dA 
Substituting into (2): 
Vv  f2AP 2 Ao 
D ER we ee —— Z= men & amamma $ arona 
A p 2 


Equation (4) is called the Wavespeed equation, which has been 
widely quoted as a unique predictor of maximum flow [27]. Its 
importance is that it describes the velocity of gas flow at the 
compressed segment and thus the intensity of gas-liquid 
interaction. 
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MISPLACEMENT OF SUBCLAVIAN VENOUS CATHETERS: 
IMPORTANCE OF HEAD POSITION AND CHOICE OF 


PUNCTURE SITE 


R. SANCHEZ, S. HALCK, S. WALTHER-LARSEN AND L. HESLET 


SUMMARY 


We have investigated the frequency of mis- 
placement of subclavian catheters in 200 con- 
secutive patients admitted to the Intensive Care 
Unit. The patients were allocated randomly to an 
attempt at infraclavicular cannulation of the right 
or left subclavian vein with the head turned 
either towards or away from the selected side, 
giving four groups. Catheterization was suc- 
cessful in 185 (92.5%) patients. Misplacement 
into the internal jugular vein occurred in 10 
(5.4%) patients. No statistically significant dif- 
ference (P < 0.05) was demonstrated between 
the four groups. 


KEY WORDS 


Complications: catheter misplacement Veins: subclavian, 
cannulation. 


Catheterization of the superior vena cava permits 
monitoring of central venous pressure (CVP) in 
addition to administration of parenteral nutrition, 
drugs and fluid therapy. Misplacement of the 
central venous catheter to a cranial position in the 
internal jugular vein may impair reliable measure- 
ment of CVP and increase the risk of chemical or 
bacterial thrombophlebitis [1, 2]. Pybus, Poole 
and Crawford [3] suggested that misplacement in 
children was less likely when the head was turned 
towards the puncture side. However, Rosen [4] 
recommended that the head be turned away from 
the side of puncture. The present study was 
designed to investigate the effects of head position 
and side of puncture on the likelihood of suc- 
cessful cannulation and misplacement following 
subclavian vein puncture. 


METHOD AND RESULTS 


Two hundred patients admitted to the Intensive 
Care Unit for central venous catheterization via a 
subclavian vein were included after informed 
consent was obtained. The procedure was ap- 
proved by the Regional Ethics Committee. 
Patients were excluded if they were receiving 
anticoagulants, undergoing mechanical venti- 
lation or if randomization to the left or right side 
was impossible. 

Patients were allocated randomly to four 
groups: 

Group 1: Right side, head turned towards the 
puncture side. 
Group 2: Right side, head turned away from the 
puncture side. 
Group 3: Left side, head turned towards the 
puncture side. 
Group 4: Left side, head turned away from the 
puncture side. 

Catheterization was performed by the Intensive 
Care Unit medical staff, all levels of training being 
represented. Local anaesthetic solution was 
infiltrated 2 cm below and medial to the midpoint 
of the clavicle with the patient in a 15-20° 
Trendelenburg position. A 16-gauge, 20-cm 
catheter (Secalon Seldy, Viggo) was placed using 
a Seldinger technique by a conventional approach 
[5]. Intravascular placement was confirmed by 
free reflux of blood and correct position of the 
catheter tip verified by chest x-ray. 

The catheterization was recorded as easy or 
difficult. A procedure was considered easy if 
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TABLE I. Complications and nusplacement following subclavian vein catheterization RS, LS = Right, 
left nde; HT/HA = head towards, away from puncture nde. SVC = Superior vena cava; IF = internal 


jugular vein 
Group 1 Group 2 Group 3 Group 4 
(RS, HT) (RS, HA) (LS, HT) (LS, HA) Total 
Number 50 50 50 50 200 
Mean age (yr) 55 57 57 58 
(range) (21-85) (20-88) (27-87) (20-89) 
Sex (F/M) 26/24 23/27 24/26 29/21 102/98 
Procedure 
Easy 29 34 36 32 131 
Difficult 21 16 14 18 69 
Position 
SVC 41 44 44 46 175 
IJ 5 1 2 2 10 
Unsuccessful 4 5 4 2 15 
Complications 
Pneumothorax 0 0 1 ] 2 
Arterial puncture 3 4 3 2 12 


catheterization was successful at the first attempt 
and without difficulty. Complications such as 
pneumothorax, arterial puncture and catheter 
misplacement were recorded. 

Results were analysed with a chi-square test with 
a significance level of 0.05. 

The four groups were comparable regarding 
age and sex (table I). Successful catheterization of 
the subclavian vein was achieved in 185 (92.5%) 
patients, and the intended position of the catheter 
tip in the superior vena cava achieved in 175 
(94.6%). Misplacement into the internal jugular 
vein occurred in 10 (5.4%) patients. 

The procedure was regarded as easy in 131 
(65.5%) patients. Pneumothorax occurred in two 
subjects (1%); minor complications occurred in 
22 (11%). No significant difference (P > 0.05) 
was demonstrated between the four groups re- 
garding misplacement, ease of procedure, com- 
plications or unsuccessful attempts. 


COMMENT 


The position of the head during infraclavicular 
subclavian vein puncture might be expected to 
alter the relationship between the subclavian and 
jugular veins and thus the likelihood of successful 
cannulation or misplacement. Conflicting advice 
has been given as to whether the head should face 
towards or away from the site of puncture [3, 4]. 

Similarly, differences in venous anatomy be- 
tween the right and left side might also be 
expected to influence subclavian vein puncture. 


However, the present study has shown no stat- 
istically significant difference in the success or 
misplacement rate for the different head positions 
or side of puncture. Failure and misplacement 
rates are small and thus a much larger group of 
patients should be studied to be certain that no 
difference exists. 

The incidences of minor complications and 
difficulty of cannulation in the present study were 
greater than those in other studies [6], and reflect 
the relative inexperience of some of the operators. 


We conclude that the position of the head 
during infraclavicular subclavian vein cannulation 
does not have a clinically important effect on the 
likelihood of successful cannulation or misplace- 
ment of the catheter. 
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SILENT MYOCARDIAL ISCHAEMIA IN A PATIENT WITH 
ANAEMIA BEFORE OPERATION 


M. R. J. PARSLOE, R. WYLD, M. FOX AND C. S. REILLY 


SUMMARY 


A patient with ischaemic heart disease and 
anaemia presenting for surgery underwent am- 
bulatory _— electrocardiographic — monitoring. 
significant episodes of silent myocardial 
ischaemia were demonstrated. Following pre- 
operative correction of the anaemia, ischaemia 
was not detected. 


KEY WORDS © 
Heart; ischaemia. Monitoring: ECG. 


Myocardial infarction in the perioperative period 
is a significant cause of morbidity and mortality in 
surgical patients [1]. Patients known to have 
ischaemic heart disease before operation have 
been shown to have an increased risk [2]. The 
preoperative assessment of such patients is based 
usually on the frequency and relationship to 
exercise of angina, the effect of therapy and a 12- 
lead electrocardiogram (ECG). Using ambulatory 
ECG monitoring, cardiologists have shown that 
only about 33% of transient ischaemic episodes 
are associated with pain [3]. The incidence of 
angina may therefore be misleading when con- 
sidering the risk of a patient developing peri- 
operative myocardial ischaemia. We describe a 
patient with ischaemic heart disease and anaemia 
but an apparently normal 12-lead ECG, in whom 
ambulatory ECG monitoring demonstrated epi- 
sodes of transient myocardial ischaemia which 
were not detected following preoperative cor- 
rection of anaemia. 


CASE REPORT 


An 82-yr-old female with a 4week history of 
haematuria was admitted for transurethral re- 
section of bladder tumour under general an- 
aesthesia. She had a 2-yr history of angina, and 


current therapy included atenolol 100 mg daily 
and isosorbide dinitrate 10 mg four times a day. 
Her exercise tolerance was 10 min walking on the 
flat or one flight of stairs. Before the present 
admission she had not suffered recent episodes of 
angina, because of limited physical activity. On 
admission she was found to have a normochromic, 
normocytic anaemia with a haemoglobin con- 
centration of 89 g litre! and a PCV of 27%, but 
there was no evidence of myocardial ischaemia or 
infarction on a 12-lead ECG. Surgery was post- 
poned until anaemia had been corrected by blood 
transfusion. 

On admission, as part of an existing study, the 
patient had been commenced on ambulatory ECG 
monitoring using a Compas (R) system. This is a 
solid state portable monitor which analyses a 
digital ECG signal on a beat-to-beat basis in real- 
time. Arrhythmias and ischaemic changes may be 
detected and stored digitally to generate a printed 
report with ECG samples summarizing events 
during the monitoring period. Augmented uni- 
polar leads aVf, V2 and V5 were used with 
disposable silver-silver chloride electrodes 
placed at the appropriate chest positions. Signifi- 
cant ST-segment changes were defined as de- 
pression of greater than 1 mm or elevation of 
2 mm lasting for 1 min or longer. 

Monitoring was carried out overnight for just 
over 14h. During this time the patient received 
her normal medication and did not report any 
episodes of chest pain, but analysis of the 
monitoring data showed several episodes of 
significant ST-segment changes (table I). 

She was transfused with two units of con- 
centrated red blood cells and, 5 days later, 
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TABLE I. Teme and duration of ST-segment changes (duration of monitoring : 14 h 29 min) 





Duration 
‘Time (min) Lead 
19:50 3 V5 
03:13 3 V2 
03 :22 7 V5 
3 aVf 
05:11 4 V5 
05:19 3 V2 
7 V5 
05 :58 51 v5 
49 V2 


underwent surgery with a haemoglobin of 117 g 
litre? and a PCV of 36%. Monitoring was 
repeated for an identical period on the night 
before surgery, but on this occasion ischaemic 
changes were not detected. Anaesthesia and 
surgery proceeded uneventfully and the patient 
had a normal postoperative recovery and dis- 
charge. 


DISCUSSION 


This case report demonstrates disappearance of 
myocardial ischaemia following correction of 
anaemia. Patients for non-cardiac surgery with 
coronary artery disease should be assessed to 
identify risk factors amenable to preoperative 
improvement. 

Myocardial ischaemia occurs when myocardial 
oxygen supply is less than myocardial oxygen 
demand [4]. The frequency of angina and its 
relationship to exercise may indicate the risk of 
myocardial ischaemia occurring in response to in- 
creased heart rate and arterial pressure. However, 
studies of myocardial ischaemia after experimen- 
tal coronary artery occlusion have shown that pain 
is a late occurrence and is preceded by evidence of 
disordered myocardial contractility and ST-seg- 
ment changes on the ECG [5]. Symptoms alone 
may be unreliable, therefore, in assessing the risk 
of a patient developing myocardial ischaemia. The 
commonest cause of myocardial ischaemia has 
been considered to be increased oxygen demand 
associated with increased myocardial work. It has 
been suggested that, in patients with coronary 
disease, most ischaemic episodes are caused by 
decreased oxygen supply caused by vasomotor 
changes at sites of coronary narrowing [6]. 
Radionuclide scanning permits assessment of the 
severity of myocardial ischaemia and angiography 
defines the extent of coronary disease, but electro- 


ST level Heart rate 
(mm) (beat min`!) 

—2 71-82 
+3 78-79 
—3 92-103 
—2 

—2 75-91 
+4 91-101 
—2 

—2 81-120 
+3 


cardiographic techniques are used most often in 
patients undergoing non-cardiac surgery to detect 
ST-T wave changes indicative of myocardial 
ischaemia. In clinical practice this may involve a 
standard 12-lead ECG, exercise testing or am- 
bulatory monitoring. 

A standard resting 12-lead ECG may detect 
myocardial ischaemia of a persistent nature, but is 
less likely to detect transitory ischaemia. Patients 
with signs of ischaemia on a preoperative 12-lead 
ECG have been found to have an increased risk of 
perioperative myocardial infarction [2]. Many 
patients with severe coronary artery disease have 
a normal 12-lead ECG at rest and this is therefore 
a poor indicator of the severity or extent of 
coronary disease, which is defined more reliably 
by invasive techniques such as coronary angio- 
graphy [7]. 

Exercise testing with a standard 12-lead ECG 
can demonstrate transient myocardial ischaemia 
induced by increased heart rate or arterial press- 
ure. Functional capacity may be defined in 
addition to the extent and severity of ischaemia 
[8], although a high false-negative rate has been 
demonstrated, making this test insensitive as an 
indicator of severe coronary artery disease [9]. 
Difficulties may be encountered also in the elderly 
and debilitated in whom work capacity is limited. 
Cutler and colleagues [10] reported a correlation 
between preoperative exercise testing and post- 
operative cardiac complications in patients under- 
going peripheral vascular surgery but, in a series 
of patients undergoing major non-cardiac surgery, 
exercise testing was found not to add substantially 
to the assessment of perioperative risk provided 
by an abnormal preoperative resting ECG [11]. 

Many patients with coronary artery disease 
have frequent episodes of asymptomatic or silent 
ST-segment changes which represent true myo- 
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cardial ischaemia. Silent ischaemia has been 
defined as “objective evidence for myocardial 
ischaemia in the absence of angina or equivalent 
symptoms” [12]. The frequency and duration of 
transient myocardial ischaemia, silent or painful, 
may be assessed reliably using ambulatory electro- 
cardiography [3]. The importance of silent myo- 
cardial ischaemia in patients with coronary artery 
disease has been recognized [13], and increased 
frequency, duration and magnitude of silent 
myocardial ischaemic episodes appear to be 
associated with more severe coronary artery 
disease [14]. A study of patients with stable 
coronary artery disease and positive ischaemic 
exercise tests showed that, in addition to clinical 
information, ischaemia detected by ambulatory 
electrocardiography was an independent risk 
factor for subsequent cardiac events, but 
ischaemia detected by exercise testing was not 
[15]. Before surgery, some patients with ischaemic 
heart disease have been shown to have frequent 
episodes of silent ischaemia which appear similar 
to those occurring during surgery [16] and may be 
associated with an increased incidence of post- 
operative myocardial infarction [17]. Detecting 
and limiting the frequency of all ischaemic 
episodes, silent and painful, has been advocated to 
reduce the ‘“‘total ischaemic burden” for in- 
dividual patients [18]. 

It remains to be shown that medical therapy of 
silent ischaemia improves long term outcome. 
However, perioperative monitoring of the elderly 
or debilitated in whom exercise testing is not 
feasible may yield useful prognostic information 
and detect those in whom more intensive investi- 
gation is appropriate. Conventional Holter ECG- 
monitoring requires visual or semi-automated 
analysis of a tape recording which can be time 
consuming and labour intensive. Recently, real- 
time computerized systems have become available 
which analyse a digital ECG signal on a beat-to- 
beat basis and generate a printed report with ECG 
samples to permit validation. A solid state monitor 
similar to the one used in this report has been 
shown to yield information comparable to that 
obtained by conventional Holter tape monitoring 
[19]. A digital ECG signal has an adequate 
frequency response to detect ST-segment changes, 
does not suffer phase shift and allows prolonged 
recording with on-line computerized, analysis. 
Solid state monitors can also be programmed to 
detect and alert for potentially dangerous myo- 
cardial ischaemia or arrhythmias [20, 21]. 
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In the patient described, significant myocardial 
ischaemia undetected by routine 12-lead ECG 
showed apparent improvement after correction of 
anaemia and the patient had a satisfactory peri- 
operative course. Further assessment of the role of 
ambulatory ECG monitoring systems for high- 
risk patients during the perioperative period is 
required. 
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POSTOPERATIVE PARAPLEGIA IN A PATIENT WITH AN 
UNSUSPECTED DURAL ARTERIO-VENOUS 


MALFORMATION 


N. WOODALL, N. J. HUGGINS AND D. A. JEWKES 


SUMMARY 


We report a case in which laminectomy was 
performed in a patient with symptoms attributed 
to lumbar canal stenosis. The patient developed 
paraplegia in the early postoperative period. 
Further investigation revealed a dural arterio- 
venous malformation. This was treated surgically, 
producing some neurological recovery. The pos- 
sible mechanisms for the perioperative deterio- 
ration and their implications for anaesthesia are 
discussed. 


KEY WORDS 


Complications: paraplegia, arterio-venous malformation. 
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CASE REPORT 


A 64-yr-old man presented with a 20-yr history 
of low back pain. His pain worsened over the 
previous 12 months, and in addition he developed 
severe buttock pain aggravated by exercise. He 
also noted progressive leg weakness with tingling 
at night and increasing hesitancy of micturition. 

At the time of presentation, his quadriceps 
muscles were markedly wasted, with noticeable 
weakness that affected also the hamstring and 
peroneal muscle groups. His reflexes were normal 
with flexor plantar responses, but there was 
diminished sensation to pinprick in the L5 
dermotome bilaterally. He was found also to have 
a palpable bladder. His general clinical condition 
was good; preoperative arterial pressure was 
140/95 mm Hg. 

Myelography revealed an apparent lumbar 
canal stenosis at L4—5 (fig. 1) to which the 
symptoms were attributed. He underwent spinal 
cord decompression at this level, but at operation 





Fig. 1. The AP projection myelogram shows a filling defect 
at L4—5. 
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Fig. 2. The AP projection myelogram shows multiple filling 
defects at T12-L1. This ıs highly suggestive of a spinal 
arterio-venous malformation. 


the canal was not found to be stenosed and there 
was no evidence of intervertebral disc herniation. 

Anaesthesia had been induced with etomidate 
14mg and supplemented with fentanyl 100 pg, 
tubocurarine 30 mg and droperidol 2.5 mg. In- 
termittent positive pressure ventilation was car- 
ried out with 60% nitrous oxide and 1-2% 
isoflurane in oxygen. 

Systolic arterial pressure was controlled at 
75-90 mm Hg during the procedure by adjusting 
the inspired concentration of isoflurane. Surgery 
was performed with the patient in the prone 
position, and took approximately 90 min. 

In the recovery room, the patient could flex his 
legs at the knee along the bed, but not against 
gravity. However, over the following 6h flaccid 
paralysis of both legs developed, with a sensory 
deficit to T10, 

Repeat myelography to a higher level demon- 
strated a filling defect at T12 with no obstruction 
to flow of contrast at the operative site (fig. 2). 
Subsequent selective spinal angiography showed 
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Fig. 3. The digital subtraction spinal angiogram shows a 

dural arterio—venous fistula on the night side at T12. It is sup- 

plied by the right subcostal artery and it drains via a single 

large vein, which enters the subarachnoid space and ascends 

on the right side to T10, before entering the coronal venous 
plexus. 


that the defect was caused by a large arterio- 
venous malformation (AVM) with a single supply 
vessel originating at L1 (fig. 3). This vessel was 
clipped at operation 4 weeks after the original 
laminectomy. Surgery confirmed a large dural 
AVM with no evidence of thrombosis or direct 
cord compression. 

Neurological recovery was slow, but after 3 
weeks he was able to stand and he showed some 
improvement of the sensory deficit. 


DISCUSSION 


Spinal angiomas consist of anomalous arterio— 
venous communications without an intervening 
capillary network. Thus they may be described 
also as an AVM or an arterio-venous fistula 
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Anterior median spinal vem 
Fic. 4. The venous drainage of the spinal cord. 


(AVF). Typically, a patient presents with in- 
sidious onset of back pain, leg pain, or weakness. 
These symptoms may be related to posture, 
exercise or pregnancy [1, 2]. Claudication may be 
a feature, mimicking peripheral vascular disease 
or spinal stenosis [3]. Muscular wasting and 
weakness progress steadily. Acute neurological 
deterioration occurring in a patient with an AVM 
may be caused by thrombotic occlusion or 
haemorrhage [4]. 

Spinal AVM may be classified into dural or 
intradural lesions. Dural AVM are fed usually by 
an arterial branch of an intercostal or lumbar 
artery. The AVM is embedded within the dura 
and forms a venous connection with the coronal 
plexus of veins surrounding and draining the 
spinal cord [4]. Intradural AVM are located on 
the surface of, or within, the spinal cord and an 
AVF exists between an artery supplying the cord 
and the local venous system. 

Most dural AVM are thoraco-lumbar (96%) 
and tend to present in middle-aged patients. 
Intradural AVM are more common in the cervical 
and thoracic regions of the cord and are found in 
younger patients [5]. 

The mechanism of development of neurological 
deficit in patients with a spinal AVM is uncertain. 
Cord compression is rare and myelographic or 
manometric evidence of subarachnoid obstruction 
is uncommon. Decompression laminectomy usu- 
ally fails to prevent neurological deterioration [6]. 
Fluctuations in the severity of symptoms, par- 
ticularly in association with exercise or changes in 
posture, suggest that alterations in blood flow may 
be responsible. A form of circulatory steal is thus 
an attractive theory, with diversion of blood away 
from the spinal cord thereby producing symp- 
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toms. However, the symptoms usually do not 
correlate with those anticipated from the dis- 
tribution of a particular spinal artery [7] and, in 
the case of a dural AVM, it is rare to find a 
communication between the lesion and a vessel 
supplying the spinal cord. 

It appears that venous drainage of an AVM may 
be critically important in the development of 
symptoms. The spinal cord drains via a series of 
radial veins, the majority of which empty into the 
longitudinally placed coronal plexus, which in 
turn connects with the extradural veins (fig. 4). 
The anterior midline region of the spinal cord 
drains via the radial veins into the anterior median 
spinal vein [8]. A dural AVM usually receives 
blood from one or more arteries that accompany 
the posterior nerve roots, draining directly into 
the coronal venous plexus. The A-V shunt 
produces increased pressure within the coronal 
veins which is transmitted directly to the radial 
veins draining the spinal medulla. Thus an area is 
produced with a reduced A-V pressure gradient 
and hence impaired tissue perfusion. Symon, 
Kuyama and Kendall have suggested that an AVF 
increases venous pressure, reducing spinal blood 
flow. This results in reflex vasodilatation and an 
increased tissue pressure, leading to oedema and 
ultimately ischaemic, compressive cord damage 
[9]. 

If this mechanism of production of neurological 
deficit and cord damage is correct, anaesthetic 
manoeuvres which affect arterial perfusion press- 
ure and local venous pressure are of critical 
importance. In the case described it is possible 
that the postoperative neurological symptoms 
were produced by medullary ischaemia following 
a hypotensive anaesthetic technique in a patient 
with an undiagnosed AVM. Reduction in systemic 
arterial pressure, either deliberate or accidental, is 
undesirable, and results in reduced spinal cord 
blood flow. In addition, the prone position used 
during surgery may produce increased local 
venous pressure resulting in exacerbation of cord 
ischaemia. 

Other factors such as the use of intermittent 
positive pressure ventilation and large tidal 
volumes may contribute also to an increase in 
venous pressure. It has been noted that the 
Valsalva manoeuvre exacerbates symptoms in 
patients with an AVM [10]. 

As lumbar spondylosis and spinal AVM occur 
within similar age groups and have similar clinical 
and myelographic features, particular care should 
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be taken to maintain cord perfusion when pro- 
viding anaesthesia for lumbar spinal surgery. 
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ANAESTHESIA FOR SIMULTANEOUS CAESAREAN 
SECTION AND CLIPPING OF INTRACEREBRAL 


ANEURYSM 


R. H. WHITBURN, R. S. LAISHLEY AND D. A. JEWKES 





SUMMARY 


A 38-yr-old woman who was 35 weeks pregnant 
presented with a subarachnoid haemorrhage, 
secondary to a ruptured anterior communicating 
artery aneurysm. Following initial recovery, she 
subsequently underwent simultaneous elective 
Caesarean section and clipping of the aneurysm. 
The anaesthetic management of the case is 
described and discussed. 


KEY WORDS 


Anaesthesia obstetric, neurosurgical. Surgery intracerebral 
aneurysm. 


Cerebral haemorrhage, secondary to hypertensive 
disease of pregnancy, is one of the commonest 
causes of maternal mortality in the U.K. [1]. The 
incidence of subarachnoid haemorrhage during 
pregnancy has been quoted as varying between 
1:2000 and 1:10000 [2]. In non-pregnant 
patients, subarachnoid haemorrhage is more 
commonly caused by ruptured intracerebral 
aneurysm than by cerebral arteriovenous mal- 
formation (AVM). In pregnancy these occur with 
equal frequency [3, 4]. Aneurysmal rupture tends 
to occur mainly in the latter half of pregnancy, 
whereas an AVM may rupture at any stage of 
pregnancy [4]. 

In the past, neurosurgical management has 
taken priority over obstetric consideration, 
irrespective of the stage of pregnancy [3, 5]. 


Consequently there are several reports on clipping . 


of cerebral aneurysms before obstetric inter- 
vention [3, 4, 6, 7]. 

We describe a 35-week pregnant woman who 
presented with a subarachnoid haemorrhage 
from a ruptured anterior communicating artery 
aneurysm. As the fetus was near term and as 
early clipping of the aneurysm was indicated, an 


elective Caesarean section was planned, followed 
by clipping of the aneurysm under the same 
anaesthetic. The anaesthetic management is des- 
cribed and discussed. 


CASE REPORT 


A 38-yr-old multiparous woman, 35 weeks preg- 
nant, was admitted following a subarachnoid 
haemorrhage (grade 1). The pregnancy had been 
uncomplicated previously with no evidence of 
pre-eclampsia or hypertensive disease of preg- 
nancy. On admission her arterial pressure was 
130/80 mm Hg and the heart rate 65 beat min“?. 
Fetal heart rate was 140 beat min`. Cerebral 
angiography under local anaesthesia demon- 
strated an anterior communicating artery 
aneurysm. The patient’s condition remained 
stable over the next 7 days and she recovered. to 
full consciousness, complaining only of mild head- 
ache and neck stiffness. It was decided that simul- 
taneous Caesarean section and clipping of the 
aneurysm was the safest option to ensure survival 
of both mother and child. 

The patient was starved and premedicated with 
ranitidine 150 mg and dexamethasone 4 mg, both 
orally, 2h before operation. In the anaesthetic 
room, just before induction, the patient received 
30 ml of sodium citrate 0.3 mol litre7! orally and 
was placed supine with a left lateral tilt. 
Metoclopramide 10mg i.v. was administered. 
ECG and direct arterial pressure monitoring were 
commenced before induction. During pre- 


R. H. WHITBURN, F.F.A.R.C.S., The London Chest Hospital, 
London E2. R. S. LAISHLEY, F.F.A.R.C.S, St Thomas’ 
Hospital, Lambeth Palace Road, London SE1 7EH. D.A. 
JEWKES, F.F.A.R.C.S., The National Hospital for Nervous 
Diseases, Queen Square, London WC1. Accepted for Pub- 
lication: November 23, 1989. 

Correspondence to R. S. L. 


W 


CAESAREAN SECTION AND CEREBRAL ANEURYSM 


oxygenation, labetalol 15 mg was given i.v. to 
attenuate the responses to laryngoscopy and 
intubation. This reduced the systolic arterial 
pressure from 140 to 110 mg Hg and the heart rate 
from 90 to 75 beat min~!. Anaesthesia was induced 
with thiopentone 350mg, followed by 
suxamethonium 100mg with application of 
cricoid pressure. Tracheal intubation was 
uncomplicated. 

At no stage did systolic pressure exceed the pre- 
induction value. Anaesthesia was maintained with 
50% nitrous oxide and 1% isoflurane in oxygen 
and the lungs were ventilated to an end-tidal Pco, 
of 4.0kPa (Datex Cardiocap). Relaxation was 
provided with tubocurarine 30 mg. 

A routine lower segment Caesarean section 
(LSCS) was performed and a 2.45-kg live female 
infant was delivered. Apgar scores were 6 and 9 at 
1 and 5 min, respectively. The baby did not 
require tracheal intubation or active resuscitation. 
The mother received Syntocinon 10 u and papa- 
veretum 15 mg i.v. Throughout the procedure 
systolic arterial pressure was controlled between 
95 and 115 mg Hg and heart rate between 80 and 
90 beat min™t. 

Following LSCS, the neurosurgeons pro- 
ceeded with the craniotomy. Mannitol 50 g and 
frusemide 40 mg were administered to reduce 
cerebral oedema. Induced hypotension was re- 
quested and an arterial pressure of 80/40 mm Hg 
was achieved with further doses of labetalol and up 
to 2% isoflurane. The aneurysm was clipped 
successfully 3 h after induction of anaesthesia. At 
the end of the procedure the patient regained 
consciousness and the trachea was extubated. 

Forty-eight hours after operation the mother 
developed a left hemiparesis because of cerebral 
vasospasm and a nimodipine infusion was started. 
Her systolic arterial pressure was maintained 
greater than 130 mm Hg with i.v. fluids alone. 
However, because of deteriorating state of con- 
sciousness, the trachea was reintubated and the 
lungs ventilated artificially for 48 h. The patient 
subsequently made a slow recovery, despite a 
residual neurological deficit, and was transferred 
to a rehabilitation unit after 8 weeks. She has since 
made excellent progress and has been discharged 
home with her baby. 


DISCUSSION 


There are few reported cases of the combined 
procedure of Caesarean section followed by 
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clipping of intracerebral aneurysm [8,9]. One 
advantage of combining the two procedures is that 
the fetus is not exposed to the hazards of a 
potentially prolonged and difficult anaesthetic 
during which some degree of hypotension may be 
required to enable successful intracerebral sur- 
gery. In addition, the fetus is not exposed to the 
potential maternal postoperative complications 
and treatment regimens associated with the sur- 
gery, for example cerebral vasospasm. 

There is a certain conflict of interests in 
providing the ideal anaesthetic for the patient 
with a subarachnoid haemorrhage and for the 
obstetric patient requiring a Caesarean section. 
The main aims of the former are directed towards 
strict control of arterial pressure to prevent 
aneurysmal re-rupture, avoidance of increasing 
cerebral ischaemia caused by vasospasm or re- 
duced cerebral blood flow, and provision of 
deliberate hypotension if required [10]. In con- 
trast, the ideal obstetric anaesthetic includes 
avoiding neonatal respiratory depression, 
maternal hypotension (supine or otherwise), 
maintenance of uteroplacental blood flow and 
dealing with the mother’s wish to be awake or un- 
conscious at the delivery [11]. 

As with any anaesthetic, precautions should be 
taken to minimize the risks of regurgitation and 
aspiration. Preoperative use of H,-antagonists and 
metoclopramide have been shown to reduce the 
gastric acidity and volume reliably in pregnant 
women [12]. Administration of sodium citrate 
immediately before induction also increases the 
pH of the stomach contents [13]. 

For an obstetric general anaesthetic, a rapid 
sequence induction with application of cricoid 
pressure is regarded as mandatory [11]. How- 
ever, the standard thiopentone-suxamethonium 
intubation sequence may cause an increase in: 
systolic pressure of up to 50 % [14] and carries the 
risk of aneurysmal re-rupture. Various methods 
have been described to obtund the cardiovascular 
responses to laryngoscopy and intubation, 
including the use of sodium nitroprusside [15], 
i.v. and topical lignocaine [16,17] and opioids 
[18]. However, we considered these drugs were 
inappropriate in this patient because of their 
potential for causing neonatal toxicity or 
respiratery --and neurobehavioural depression. 
Sodium nitroprusside may also abolish cerebral 
autoregulation and increase intracranial pressure 
while the dura is closed [19]. Instead, labetalol 
was used; this has been shown to attenuate the 
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haemodynamic responses to laryngoscopy and in- 
tubation [20-22]. The adrenergic control of 
cerebral blood flow is minimal [23] and, theoreti- 
cally, the alpha-blocking activity of labetalol 
should have little effect on cerebrovascular resis- 
tance and intracranial pressure. In this patient, a 
single bolus of 15 mg controlled the patient’s 
arterial pressure during laryngoscopy and in- 
tubation satisfactorily. 

To reduce the risks of neonatal respiratory 
depression, opioids were not administered until 
after delivery. In order to prevent awareness, 
anaesthesia was maintained with 1% isoflurane 
and 50% nitrous oxide in oxygen. Isoflurane 
0.75% has been shown to reduce awareness and 
not to cause increased blood loss during Caesarean 
section [24]. Under normocapnic, normotensive 
conditions, 1.0 MAC (0.56%) isoflurane has little 
effect on cerebral blood flow compared with 
halothane and enflurane, both of which increase it 
[25]. The effect of inhalation agents on relaxation 
of the myometrium and the consequent potential 
for increased bleeding from this site should be 
borne in mind. 

Hyperventilation is contraindicated in both 
anaesthesia for Caesarean section [11] and 
aneurysm clipping [10]. Hypocapnia has detri- 
mental effects on the fetus by several mechanisms 
[11]: decreasing cardiac output, increasing utero- 
placental vascular resistance, and shifting the 
oxygen-haemoglobin dissociation curve to the 
left, reducing the delivery and release of oxygen to 
the fetus. Marked hyperventilation may aggravate 
pre-existing cerebral vasospasm in the patient 
with a subarachnoid haemorrhage and may also 
severely impair cerebral perfusion in the presence 
of controlled hypotension, and hence should be 
avoided [26]. However, it should be remembered 
that the Paco, in the pregnant woman decreases to 
a mean of approximately 4.1 kPa by the 12th week 
of pregnancy as a result of alveolar hyper- 
ventilation. The Paco, at which fetal metabolic 
acidosis occurs is thought to be approximately 
2.5 kPa [11]. 

‘There is a risk of concealed postpartum haem- 
orrhage, and therefore an oxytocic agent should 
be administered. Ergometrine is relatively contra- 
indicated because of its potential for inducing 
hypertension [27], althought its vasoconstrictor 
effects may be minimized by i.m. administration. 
We preferred to use Syntocinon, which is associ- 
ated with a small reduction in systemic arterial 
pressure [28]. 
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An alternative approach may be to perform 
Caesarean section under extradural anaesthesia, 
which could assist also in arterial pressure control 
and postoperative pain relief. However, this 
technique may be controversial in the presence of 
impaired cerebral perfusion. Lumbar extradural 
injection of local anaesthetic has been reported to 
increase intracranial pressure [29], and would be 
contraindicated in the presence of intracranial 
pathology. 


In summary, the essential anaesthetic require- 
ments for the combined procedure of Caesarean 
section and cerebral aneurysm clipping are avoid- 
ance of acute hypertensive episodes (on induction 
of anaesthesia and during operation), and avoid- 
ance of excessive hyperventilation causing acute 
reduction in intracranial pressure, cerebral blood 
flow and uteroplacental perfusion. It is also 
important to minimize exposure of the fetus to 
excessive doses of anaesthetic agents and opioids 
which may cause neonatal respiratory and neuro- 
behavioural depression. 
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HYPERVOLAEMIC HAEMODILUTION IN AN ANAEMIC 


JEHOVAWH’S WITNESS 


A. TROUWBORST, R. R. P. M. HAGENOUW, J. JEEKEL AND G. L. ONG 


SUMMARY 


We report the effects of acute hypervolaemic 
haemodilution, induced before operation, on 
haemodynamics and systemic oxygenation. 
Major surgery in an anaemic Jehovah's Witness 
patient was facilitated with this technique. Some 
hours after operation, a perioperative decrease 
in haemoglobin concentration of < 5% was ob- 
served, in spite of a blood loss of nearly 50% of 
the calculated blood volume. 


KEY WORDS 


Blood: hypervolaemic haemodilution. Surgery’ Jehovah's 
Witness. 


Ethical considerations and techniques for under- 
taking surgery without blood transfusion in 
Jehovah’s Witness patients are well reported in 
the literature [1]. Differences in opinion on 
acceptance of alternatives to homologous blood 
transfusion, such as autologous blood transfusion, 
exist among members of the religion. The case 
history of a Jehovah’s Witness patient with 
anaemia caused by chronic infection requiring 
major surgery is presented. After induction of 
anaesthesia and just before surgery, a further 
decrease in packed cell volume (PCV) was 
achieved by acute hypervolaemic haemodilution 
in the expectation that any blood lost would entail 
a decreased loss of red cells. 


CASE REPORT 


A 30-yr-old female Jehovah’s Witness (1.5 m; 

50 kg) was transferred to the University Hospital 

Rotterdam. Six weeks previously she underwent 

cholecystectomy for cholecystitis and cholelithi- 

asis. Two weeks later, laparotomy was performed 

again because of leakage of bile into the abdominal 
aa 


cavity. The cause of the leakage was not es- 
tablished. 

Following the second procedure, bile drainage 
via wound drains amounted to 500 ml/24 h. 
Physical examination and laboratory tests on 
admission revealed a haemoglobin concentration 
(Hb) of 8.6 g% (PCV 0.27). Endoscopic retro- 
grade cholangiography showed total obstruction 
of the common bile duct. Several periods of fever 
(up to 40 °C) occurred. It was decided to perform 
choledocho—jejunostomy. Vitamin B,,, iron and 
folic acid concentrations in plasma were normal 
and there were no signs of sickle-cell anaemia or 
thalassaemia. It was concluded that the anaemia 
was related to chronic infection. 

The patient refused homologous blood and 
products, and any form of autologous transfusion. 
Therefore, after obtaining fully informed consent, 
acute hypervolaemic haemodilution to a PCV of 
0.20 was induced before surgery. The baseline 
blood volume was assessed as 3.2 litre [2]. Two 
i.v. cannulae were inserted and the radial artery 
was cannulated. A thermodilution catheter was 
introduced into a pulmonary artery and the 
bladder was catheterized. After a stabilization 
period of 30 min, baseline values were obtained 
for mean arterial pressure (MAP), mean pul- 
monary artery pressure (MPAP), pulmonary 
wedge pressure (PWP) and cardiac output (Q). In 
addition, arterial and mixed venous blood samples 
were taken for Hb and Hb oxygen saturation, 
PCV and Po, Pco, and pH. From the data were 
calculated: systemic vascular resistance (SVR), 
pulmonary vascular resistance (PVR), oxygen 
availability and oxygen uptake (Vo,). Anaesthesia 
was induced with fentanyl 5 ug kg, thiopentone 
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HYPERVOLAEMIC HAEMODILUTION 


TABLE I. Haemodynamics and systemic oxygenation before anaesthesia (Preop.), during hypervolaemic haemo- 
dilution (HH), blood loss and the postoperative period (Postop). Q = cardiac output; Hb = haemoglobin; 
PCV = packed cell volume; HR = heart rate; LVSW = left ventricular stroke work; MAP = mean 
arterial pressure; MPAP = mean pulmonary artery pressure; O, avail. = oxygen availability; PWP = 
pulmonary wedge pressure; SVR = systemic vascular resistance; Vo= oxygen uptake 
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Hb HR MAP MPAP PWP 
(8%) PCV (beat min™) (mmHg) (mmHg) (mm Hg) 
Preop. 8.6 0.27 94 75 11 4 
Before HH 8.6 0.27 120 65 12 3 
Ist step of HH 7.4 0.24 105 78 18 9 
2nd step of HH 6.4 0.20 116 98 29 19 
Blood loss 
500 ml 6.1 0.19 114 86 23 15 
1000 ml 5.8 0.19 109 89 23 16 
1500 mi 62 0.21 112 83 16 10 
2 h Postop. 8.0 0.26 116 83 15 4 
4 h Postop. 8.2 0.26 126 79 12 2 
SVR LVSW O, avail. Vo, 
(litre min!) (dynscm™®) (gcm) (mimin“) (ml min“) 
Preop. 4.7 1191 48 539 144 
Before HH 4.4 1109 30 544 135 
ist step of HH 5.6 1014 50 587 107 
2nd step of HH 6.9 951 63 629 109 
Blood loss 
500 ml 7.1 845 60 603 112 
1000 ml 6.1 984 55 501 114 
1500 ml 4.7 1243 41 412 126 
2h Postop. 4.9 1306 45 546 172 
4h Postop. 4.6 1339 38 526 161 


5 mg kg? and pancuronium 0.1 mg kg`t. After 
tracheal intubation, the lungs were ventilated 
with 70% nitrous oxide in oxygen to achieve 
normocapnia. Anaesthesia was maintained with 
fentanyl and muscle relaxation was obtained using 
pancuronium. 

Hypervolaemic haemodilution was induced in 
two steps. Five hundred millilitre of Dextran 40 
(Isodex) (50 g litre+) with Ringer’s lactate 500 ml 
was infused over 15 min at each step. Haemo- 
dynamic measurements were repeated before and 
after each step. Surgery began and the same 
variables were recorded after every 500 ml of 
blood loss. During surgery, Ringer’s lactate was 
infused in a volume equal to the urine output plus 
500 mi h`, to compensate for loss of fluid from 
the open abdominal cavity. Blood loss was 
replaced by an equal volume of gelatin solution 
(Geloplasma). 

The values recorded during the study period 
are summarized in table I. Hypervolaemic haemo- 
dilution resulted in a decrease in PCV from 0.27 


to 0.20; the smallest value was 0.19. Blood loss 
was 1500 ml, almost 50% of the calculated 
baseline blood volume. After the forced infusion 
was stopped, PCV increased to 0.26, 4h after 
operation. 

Throughout the study period, decreased oxygen 
carrying capacity was compensated for by an 
increase in Q, except towards the end of surgery; 
Po, PCO, pH and oxygen saturation of Hb of 
arterial and mixed venous blood remained un- 
changed. The 47 % increase in Q, during hyper- 
volaemic haemodilution, was accompanied by a 
decrease in SVR of only 20%. The PWP 
increased from 4 to 19mm Hg, while left ven- 
tricular stroke work (LVSW) increased by 31 %. 
However, 2h after operation all haemodynamic 
variables had returned to baseline values and the 
patient’s trachea was then extubated. She re- 
covered from surgery without any complication 
and was discharged 16 days after surgery. Four 
weeks after operation Hb was 10.92% (PCV 
0.33). * 3a 


4 
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DISCUSSION 


Several methods have been reported for avoiding 
blood transfusion in Jehovah’s Witnesses during 
surgery, including peroperative controlled hypo- 
tension [3], spinal anaesthesia [4] and acute 
isovolaemic haemodilution with autotransfusion 
of blood collected just before surgery [5]. Fluosol- 
DA, a perfluorochemical oxygen-transporting 
fluid [6,7] and extracorporeal haemodilution, 
including preoperative collection of blood, have 
been advocated [8]. 

Normovolaemic haemodilution both gives a 
stock of the patient's own blood and results in 
progressively fewer red cells being lost with 
haemorrhage because of the non-linear decrease 
in PCV during haemodilution [9]. This method, 
however, was refused by our patient. Hyper- 
volaemic haemodilution has been used previously, 
not for minimizing depletion of red blood cells 
during surgery, but for improving the cerebral 
circulation [10] and for treatment of haemorrhagic 
disorders in pre-eclampsia [11]. In these reports, 
however, hypervolaemic haemodilution was in- 
duced over a period of 24 h or more, while in our 
patient it was induced in 40 min. To our know- 
ledge, the effects of such a rapid volume loading 
have not been documented in humans. A final 
PCV of 0.20 was chosen as such a decrease is 
tolerated well [12]. 

In our patient, an increase in oxygen availability 
was observed as a result of the increase in Q. In 
dogs, haemodilution decreases SVR in parallel 
with the decrease in blood viscosity, whereas Q 
increases without increase in myocardial con- 
tractility [13]. In our patient, however, the 
increase in Q was related to the increase in LVSW 
and PWP, rather than the decrease in SVR. The 
difference may be explained by a species differ- 
ence. The observed increase in cardiac workload 
with acute volume loading and consequent in- 
crease in PWP are reasons for caution in using 
hypervolaemic haemodilution in patients with a 
compromised cardiovascular system. Invasive 
haemodynamic monitoring is also not without 
complications. Hypervolaemic haemodilution 
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may itself influence the total amount of blood loss 
during surgery by increasing venous pressure. 
However, the technique may be of value in the 
anaemic patient who declines or is unsuitable for 
blood transfusion. 
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CORRESPONDENCE 


INHALATION ANAESTHETICS AND INVERTEBRATES 


Sir,—The communication of McKenzie and his colleagues [1] 
brings to mind a conversation I had recently with Professor 
J. Yule Bogue concerning the early history of halothane. 

Professor Bogue, now in his mid 80s, is still active in the 
pharmaceutical industry and living in Portola Valley, Cali- 
fornia. He was intimately involved in drug research and 
manufacture immediately following the Second World War, as 
Joint Managing Director of the Pharmaceuticals Division, 
Imperial Chemical Industries Ltd (see [2]). 

He described attempts by I.C.I. to preserve stored grain 
with halogenated hydrocarbons. In these experiments weevils 
(invertebrates) were not killed, but anaesthetized by the 
vapour. Twelve halogenated hydrocarbons were then synthe- 
sized and tested for toxicity in dogs (vertebrates). Eleven were 
highly cardiotoxic at anaesthetic concentration, but the twelfth 
had a satisfactory therapeutic index and was subsequently 
named halothane. 

It seems the wheel has completed a full turn. 

D. P. CRANKSHAW 
Melbourns 
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PERSISTENTLY INCREASED 
MORPHINE-6-GLUCURONIDE CONCENTRATIONS 


Sir,—A 17-yr-old girl was admitted to our regional neuro- 
sciences intensive therapy unit (ITU) with acute inflammatory 
polyneuropathy (Guillain Barré syndrome) requiring artificial 
ventilation. Analgesia was provided by an i.v. infusion of 
morphine 2-10 mg h~t. Sedation was provided initially by 
midazolam 5-15 mg h™, which subsequently was changed to 
propofol 100-250 mg h™. A feature of this girl’s management 
was the consistently high level of sedation required. 

Throughout the course of her illness she suffered recurrent 
staphylococcal chest infections which were treated with 
fiucloxacillin, and an episode of pseudomembranous colitis, 
treated with vancomycin. Renal function remained normal. 
Morphine was discontinued 40 days after admission to ITU. 
Propofol was also stopped at this time and lorazepam 2 mg 
orally twice a day was commenced. Her subsequent course was 
complicated by a grand mal fit, thought to be the result of 
morphine withdrawal, and allodynia, thought to be a feature of 
a remyelination process. 


Plasma morphine and metabolite concentrations were 
measured by high pressure liquid chromatography {1, 2] 
19 days after discontinuation of the infusion. Results were 
as follows: morphine-6-glucuronide (M6G) 125 ng ml-t; 
morphine-3-glucuronide (M3G) 70 ng ml™?; morphine was 
not detected. Repeat measurements 10 days later showed no 
detectable morphine or M6G; M3G concentration was 
21 ng ml of M3G. 

These values raise some interesting points. First, M6G 
concentrations are persistently increased 19 days after dıs- 
continuing morphine, in the absence of impaired renal function 
[3]. This may be caused partly by enterohepatic circulation of 
M6G [4]. M6G is excreted in bile into the gut [5], where some 
may be metabolized further by bacterial glucuronidases 
Alterations in bowel flora following antibiotic therapy may 
have resulted in an absence of these enzymes, and M6G may 
have been reabsorbed when bowel function resumed after 
discontinuation of the morphine infusion. 

Second, the M6G:M3G ratio at the initial set of measure- 
ments is increased. Oxazepam inhibits M3G glucuronidation, 
possibly by competing for UDP-~glucuronyl transferase [6]. 
Lorazepam is glucuronidated by the same enzyme and may 
have a similar effect. 

The resulting prolonged increase in M6G concentrations 
has obvious implications for patients receiving morphine 
infusions, antibiotics and benzodiazepines. 

M. A, CALLEJA 

D. CHILDS 

R. F. VENN 

A. MICHALKIEWICZ 
Liverpool 
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CIMETIDINE PRETREATMENT AND HALOTHANE 
HEPATOTOXICITY 


Sir,—The recent article by Dr Ray and co-workers [1] 
discussed a complex problem, but did not mention a possibility 
which needs to be considered. 

The study involved premedicating patients with large doses 
of cimetidine, with the assumption that this drug would inhibit 
the biotransformation of halothane which was given later for 
anaesthesia. The finding that plasma concentration of glu- 
tathione S-transferase (GST) increased in these cimetidine- 
pretreated patients following halothane and also in patients not 
“metabolically inhibited” led the authors to conclude that 
metabolism of the anaesthetic is not connected to the mild 
hepatic damage perceived as increases in plasma GST. Some 
investigators had theorized that the increase in GST in a 
population of patients receiving halothane was a result of the 
quantitatively small reductive pathway of biotransformation. 
The authors’ conclusion that metabolism may play no role in 
the increase in GST concentration may well be the case, but 
there has been an oversight I wish to bring to their attention. 
_ Animal studies indicate that the two pathways of halothane 

biotransformation may display different levels of inhibition. 
Fiserova~Bergerova [2] demonstrated in rats that isoflurane 
inhibited the oxidative biotransformation of halothane to a far 
greater extent than the more rugged reductive biotrans- 
formation pathway. In fact, reductive biotransformation was 
enhanced under the circumstances of her experiments. If this 
were the case with cimetidine in the study from Edinburgh, 
then the reductive biotransformation of halothane may have 
continued, with subclinical damage as indicated by the 
increased concentrations of GST. 

Studies of this nature should examine plasma concentrations 
of metabolites. Without this observation, it cannot be assumed 
that biotransformation is inhibited. 

B. R. BROWN, JR 
Tucson 
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Sir,—Thank you for the opportunity to reply to Dr Brown’s 
letter. Dr Brown suggests that the increased GST con- 
centration noted after halothane anaesthesia may result from 
the formation of reductive metabolites of halothane. Conse- 
quently, although cimetidine may inhibit halothane metab- 
olism by an oxidative pathway, it may not prevent, or may even 
augment, the formation of non-oxidized metabolites. We 
cannot deny that this may be possible; however, evidence 
suggests that cimetidine inhibits both pathways. 

Plummer and colleagues [1] investigated the influence of 
cimetidine on halothane metabolism in rats. Using mea- 
surements of exhaled metabolites 2-chloro-1,1,1-trifluoro- 
ethane and 2-chloro-1,1-difluoroethylene, and of urinary 
fluoride excretion, they found that reductive metabolism was 
inhibited by cimetidine. Wood and co-workers [2] dem- 
onstrated inhibition of oxidative metabolism by cimetidine. 
However, using urinary fluoride excretion as the only indicator 
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of reductive metabolism, they were unable to demonstrate 
inhibition, but acknowledged the limutations of this method 
alone. 

In man, the pattern of enflurane metabolism suggests that 
such metabolism is unlikely to be the cause of the similar 
changes in plasma GST that occur after anaesthesia with both 
enflurane and halothane [3]. Enflurane is metabolized only by 
an oxidative pathway; cimetidine does not influence its 
metabolism [4, 5]. Oxidative enflurane metabolites, therefore, 
must generate the same picture of damage as the reductive 
metabolites of halothane that Dr Brown proposes. This is not 
consistent with the common metabolic basis for liver dys- 
function caused by the two agents, proposed by Christ and 
colleagues [6]. 

Although there 1s animal evidence to suggest that cimetidine 
inhibits both oxidative and reductive metabolism of halothane, 
we agree that measurement of plasma concentrations of 
metabolites would be the only certain means of determining 
that halothane metabolism had been inhibited. 

D. C. Ray 

A. F. Howr 

G. J. BECKETT 

G. B. DRUMMOND 


Edinburgh 
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PCA OR PAA? 


Sir,— We wish to draw readers’ attention to a comment in the 
recent symposium issue of the journal on postoperative pain 
control. In the editorial, Dr Armitage suggested that patient- 
controlled analgesia (PCA) be administered in conjunction 
with a continuous “background” infusion [1]. Our reading of 
the original article [2] found the rationale of this approach, but 
not the advocacy. We believe that there is now much evidence 
that the hybrid technique of patient-augmented analgesia 
(PAA) is no more effective than PCA alone. 


= 


CORRESPONDENCE 


In a study of two PCA devices, a similar number of demands 
were made by patients using the device that also administered 
an infusion as those using pure PCA [3]. Second, in a 
prospective study comparing PCA and PAA [4] there was no 
difference between the techniques with respect to either pain 
relief or demand rate, although there was a higher incidence of 
major adverse effects with PAA. PCA has been compared with 
PAA using two infusion rates for the background infusion [5]. 
Again, the infusion did not either improve pain contro! or 
reduce demand rate. 

From these studies we conclude that, when morphine is 
used for PCA, a concurrent infusion adds to the total dose of 
drug without a commensurate improvement in analgesia. The 
case for automatically prescribing a background infusion, 
however attractive on theoretical grounds, is not made. 

H. OWEN 
L. E. MATHER 
Flinders, S. Australia 
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Sir,—The article by Mitchell and Smith stops short of 
unequivocal advocacy of patient-controlled analgesia in con- 
junction with a continuous “background” infusion, but the 
authors refer to work from their department which “suggests 
that the ‘low dose infusion + bolus’ technique with morphine 
yields marginally better results than bolus alone.” This finding 
is at variance with the work quoted by Owen and Mather, and 
they may well disagree with it, but I do not think I seriously 
misrepresented what Mitchell and Smith actually wrote. 


E. N. ARMITAGE 
Sussex 


PROPHYLACTIC EPHEDRINE INFUSION IN OBSTETRIC 
ANAESTHESIA 


Sir, —We read with interest the correspondence on the case 
report “of Drs Stone, Thorburn and Lamb [1]. In their reply 
[2] thé authors say that “the value of the use of prophylactic 
ephedrine is not clear”. The case in question 18 that of a 
patient, who was given a spinal block after failure of an 
extradural and, when the block ascended too high, finally 
received a general anaesthetic and IPPV. The value of 
prophylactic ephedrine in the management of hypotension 
associated with high sympathetic block is perfectly clear, 
particularly in obstetric anaesthesia [3]. The administration of 
a fluid load takes time and, in a patient who already has 
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received a preload, the most rapid and effective <reatment 1s to 
infuse ephedrine in a clear solution containng ephedrine 
30 mg in 500 mi. 

In our unit, after a crystalloid preload of 1 litre, this is 
started from the moment the spinal anaesthetic bas been 
injected, and the rate of infusion is adjusted according to 
arterial pressure. If the infusion is “piggy-backed”’ into the 
i.v. line via a 21-gauge needle, and run initially at the fastest 
rate, this usually produces the correct rate of mmfusion. 

As the use of prophylactic ephedrine is indicated in 
obstetrics, perhaps its use should be extendec also to other 
situations during spinal anaesthesia in which a large ftuid 
preload may cause problems. We hope that thas clarifies the 
role of ephedrine, and that the simple technique described may 
help others who wish to use spinal anaesthesia ir obstetrics but 
are concerned about hypotension. 

R. 5. FRAZER 
G. M. EDWARDS 
Liverpool 
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Sir,—Thank you for the opportunity to reply to Drs Frazer 
and Edwards, who question our statement that in relation to 
obstetric anaesthesia, the value of prophylactic ephedrine is 
not clear. 

We would not deny that, in certain clinical situations, 
ephedrine has been shown to reduce the incidence of 
hypotension. However, hypotension continues =o be reported 
as a problem associated with the use of extraducal anaesthesia 
for Caesarean section [1]. We would also argue that the value 
of a prophylactic measure lies both in the absence of unwanted 
effects and in the reliability of the measures taken. Rolbin and 
colleagues [2] have demonstrated that unacceptable hyper- 
tension may result from the use of prophylactic =phedrine and 
the reliability is uncertain. Therefore we cannot agree with 
Drs Frazer and Edwards that the value o? prophylactic 
ephedrine in the management is perfectly clear. 


>. A. STONE 
J THORBURN 
Glasgow 
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BOOK REVIEWS 


Anaesthesia for the Compromsed Heart (Climcal Anaes- 
thestology International Practice and Research, Volume 3). 
Edited by P. Foex. Published by Bailliére Tindall, 
London, Philadelphia, Sydney, Tokyo, Toronto. Pp. 294. 
Price £18.50. 


This is an interesting book which will form a valuable addition 
to the library of any Anaesthetic Department. It does not set 
out to be a text book of cardiac anaesthesia or, indeed, to 
supplant the place of the traditional text books of general 
anaesthesia. 

The first chapter is an excellent discussion of the patho- 
physiology of myocardial ischaemia; while it is wmtten from 
the viewpoint of the medical management of these patients, its 
value to the practising anaesthetist cannot be questioned. This 
is followed by a chapter on the effects of anaesthetics on 
coronary blood flow and myocardial metabolism which reviews 
comprehensively the studies which have been carried out both 
in the experimental laboratory and in the operating theatre. 

Chapter 3 covers the preoperative assessment of the patient 
with cardiovascular dysfunction. It is divided into two 
sections. The first covers routine preoperative management, 
from clinical evaluation to the interpretation of the ECG. 
Non-routine investigations are discussed, including exercise 
stress testing, echocardiography and nuclear imaging, and the 
chapter is completed with a consideration of cardiac catheteriz- 
ation and angiography. 

Chapter 4 deals with monitoring of the cardiovascular 
system and, as it is particularly directed towards the interests 
of the anaesthetist in the operating theatre, there is com- 
paratively little overlap with the information contained in the 
previous chapter. 

Chapter 5 covers the pharmacology of cardiovascular drugs 
and is written by the editor. This is an excellent chapter, 
giving a comprehensive and balanced review, not only of basic 
pharmacology, but also of the clinical use of cardiovascular 
drugs and the management of patients in the operating theatre. 

The chapter on myocardial protection was something of a 
surprise to a cardiothoracic ansesthetist who might expect this 
to describe myocardial protection during surgery. However, it 
gives an excellent review of myocardial protection related 
particularly to the patient in the non-theatre environment, but 
with suitable indications of how this information can be 
applied to the requirements of patients with cardiac discase 
and undergoing anaesthesia. 

There follow three chapters on volatile anaesthetics, opioids 
and i.v. anaesthetics, While each chapter is obviously written 
by an enthusiast they present well-balanced views of the role 
of different techniques in the management of patients with 
cardiovascular disease. 

The penultimate chapter presents strategies for dealing with 
patients with coronary artery disease, and the final chapter 
considers patients with hypertensive heart disease. Both of 
these chapters are quite excellent and present a balanced 
view. 

All the chapters are well referenced and will provide a 
fruitful source of information for further reading for both 


clinicians and research workers. This book can be thoroughly 
recommended to any practising clinical anaesthetist who has to 
deal with patients whose cardiac function is compromised in 
any way. At the very reasonable price of £18.50p, it is an 
essential text which should be available in every anaesthetic 
department. Dr Foex is to be congratulated on having gathered 
together a team of excellent authors and welding the chapters 
together into a manageable and very useful book. 
D. W. Bethune 


Anaesthesia and Malignant Disease, [st Edn. Edited by J. 
Filshie and D. S. Robbie. Published by Edward Arnold, 
London, Pp. 303; illustrated; indexed. Price £27.50. 


This well written book contains contributions from seven 
anaesthetists and an oncologist based at the Royal Marsden 
Hospital, London. It contains 18 chapters which may be 
classified into two sections. The first secnon deals with 
oncology and has chapters on cancer and cancer patients, 
chemotherapy and ansesthesia, chemotherapeutic procedures, 
bone marrow transplantation, immunology and anaesthesia, 
anaesthesia and radiotherapy, paediatric radiotherapy, total 
body irradiation and specialized catheter insertion. The second 
section is orientated towards anaesthesia and has chapters on 
anaesthesia for head and neck surgery, major surgery, CNS 
surgery, thoracic surgery and imaging techniques, TTU for 
cancer patients and intractable pain. 

I found the firat section very interesting and informative. 
The aspects of cancer therapy which may have relevance to 
anaesthetic practice are discussed fully. The second section is 
informative, but essentially does not contain much that is not 
in any major anaesthesia textbook. This seems to follow a 
general trend in production of texts on sub-specialties in 
anaesthesia. However, this should not detract from what is an 
interesting book. One of the stated aims of the authors is to 
stimulate interest and research ın this area and it should 
succeed in this objective. 

C. S. Reilly 


Anaesthesia and Intenstve Care—Practical Procedures, 1st Edn. 
By N. Soni. Published by Heinemann Medical Books, 
Oxford. Pp. 225; indexed; illustrated. Price £27.50. 


This book is intended for trainee anaesthetists, and it describes 
most of the commonly used practical procedures that such a 
person may be expected to perform. Its 225 pages are divided 
into six chapters, five short appendices and an index. The 
major chapters deal with i.v. access (63 pages), airway 
procedures (54 pages), regional nerve blocks including extra- 
durals and spinals (35 pages), thoracic procedures (24 pages) 
and abdominal procedures (19 pages). There ıs also a short 
chapter on intracranial pressure monitoring. Each chapter 
concludes with a list of recommended references for further 
reading and these total almost 200. The book is illustrated 
liberally with more than 250 black-and-white line diagrams, 18 
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black-and-white photographs and a similar number of radio- 
_ graphs, mostly showing the intrathoracic position of cannulae 
or drains. In each case, the line has been darkened to make it 
visible against the radiograph. 

Throughout the book, each procedure is dealt with in the 
same uniform way, as might be expected from a single author. 
There is a numbered step-by-step description of the technique 
in bolder print than the rest of the text, and the indications, 
contraindications, advantages, disadvantages and complic- 
ations, in addition to the relevant anatomy, are also discussed. 
In addition, where appropriate, a brief account is given of the 
theory and principles underlying the technique or the 
indications ; for example, there are several pages describing the 
basic principles of haemodialysis and ultrafiltration in as- 
sociation with a description of the technique of placing the 
cannulae for these procedures. 

The first chapter deals with intravascular access. It contains 
details of peripheral access, including the less frequently used 
cut-down technique, all the usual sites for access to the central 
veins, and a comprehensive section on pulmonary artery 
catheterization. Arterial access is included also and the 
principles of setting up a transducer are described. 

The second chapter is on thoracic procedures. It begins with 
a useful section on major thoracic anatomical landmarks, with 
several line diagrams, and then deals with the techniques of 
chest aspiration and insertion and removal of chest drains. 
This includes a clear description of the principles of the one-, 
two- and three-bottle pleural drainage systems. 

Chapter three is concerned with abdominal procedures and 
inchides insertion of a nasogastric tube, gastric lavage, 
peritoneal aspiration, lavage and dialysis, suprapubic 
catheterization, and insertion of Sengstaken tubes to control 
bleeding from oesophageal varices. Typically, it includes the 
essential practical warning, when about to undertake gastric 
lavage, that “proper and cautious assessment of the level of 
patient consciousness and airway competence is all important 
before lavage is performed.” 

The next chapter is one of the largest and arguably the best, 
and it deals with procedures involving the airway. These range 
from the basic skills of maintaining a patent airway and holding 
a mask on the face, through various forms of intubation, 
including blind nasal and endobronchial, to cricothyrotomy 
and tracheotomy. Use of the laryngeal mask and of an 
interesting modification to a nasal airway are also described. 
There is an excellent section on difficulties with intubation, 
and failed intubation is covered comprehensively both in the 
text and with flow diagrams. Access to the airway through the 
cricothyroid membrane is particularly well reviewed and 
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includes details of several ways of connectirg an oxygen 
supply to the cricothyroid cannula. There are elso a series of 
drawings showing how to insert a mini-trach2ostomy tube 
and, as with every other technique, the risks and=omplications 
are highlighted. 

Chapter 5 deals with regional nerve blocks including spinal, 
extradural and caudal techniques, Bier’s block, Crachial plexus 
block (axillary approach only), femoral block end intercostal 
blocks. Again the emphasis is on safety and how to manage 
complications. 

The final short chapter describes intracrenial pressure 
monitoring and lumbar puncture and is folbwed by five 
appendices. These deal with some aspects of resuscitation, 
including failed intubation drill and resuscitation of the 
newborn, 2 list of useful physiological values, details of the 
Apache II scoring system and a page on how to ce-clot dialysis 
shunts. There is also a particularly relevant Australian 
procedure for checking an anaesthetic machire before use. 
Thus is only one of the many parts of this book-which will be 
invaluable to examination candidates. 

A vast amount of practical information is contained within 
the covers of Dr Soni’s book, all presented lucidly and well 
supported by diagrams. The preface tells us that, although it 
must inevitably reflect some of the author’s own preferences, 
it is concerned more with principles and guidelmes than with 
precise technical detail. This 1s true, and readers can, be 
assured that perusal of the relevant pages will tell them 
succinctly when to perform ea procedure, wher not to do it, 
how to do it safely, and how to manage any complications that 
may develop. 

The publisher’s note on the back cover states that this is the 
“first practical illustrated guide to include ALL -he commonly 
used procedures that a trainee anaesthetist or in: ensivist needs 
to learn ” and that it “has been specifically des gned to bring 
together a whole range of specialty areas’ It certainly 
succeeds, but the result is for the bookshelf and not for the 
white coat pocket. Chapter 4, in particular, on airway 
procedures, could well stand alone as an exccllent 50-page 
pocket size monograph without, to my krowledge, any 
significant comparable competition. 

I have no doubt that this book will live up toits publisher’s 
claims that it will become “invaluable to trainee anaesthetists 
and indeed to all junior doctors required to carry out practical 
procedures in the casualty department or the intensive care 
unit.” I am sure that it will also become an attractive purchase 
for examination candidates, and it can certaimly be recom- 
mended. 

A. 3. M. Telfer 


Papers for publication and all editorial communications should be addressed to 
the Editor, University Department of Anaesthesia, Leicester Royal Infirmary, 
Leicester LE] 5WW business communications to the publishers: Professional 
& Scientific Publications Ltd, BMA House, Tavistock Square, London 
WCI1H 9JR. 


The GUIDE TO CONTRIBUTORS can be found on pages vili, x & xii of the 
advertisement section of this issue. 

Published monthly: Annual subscriptions: UK/Eire £74.00; Abroad £98.00; 
USA $143.00 (direct orders only). Trainee rate UK/Eire £45.00; Abroad 
£58.00. Airmail rates on application. ISSN 0007-0912. Orders must be 
accompanied by payment; cheques should be made payable to Professional and 
Scientific Publications. Orders and payments should be sent to Professional and 
Scientific Publications, BMA House, Tavistock Square, London, WC1H 9JR. 
Orders in the United States of America may be sent to Professional and Scientific 
Publications, Box 560B, Kennebunkport, Maine 04046. 


Group Advertisement Manager, Mr R. Hayzen. 
Advertisement Manager, Mrs S. Rowe 
BMA House, Tavistock Square, London WCIH 9JR. 01-387 4499. 


Whilst every effort n made by the pubhshers and editorial committe to see that no insccurate or date, opinion or statement 
appears in this Journal, they wish to make n clear that the data and opinions a m the articles advertrsements herem are 


agen 
opinion or statement SE ay AOT i made to Masure thar drug doves ad other quasar , feacders are 
advised that new methods and techniques involving drug usage, and described wi this Journal, should only be followed in 
conpunetion with the drug manufacturer's own published literature 


© Copyright: 1990 British Journal of Anaesthesia 

All rights reserved. No part of this publication may be reproduced, stored in a 
retrieval system, or transmitted in any form by any means, electronic, 
mechanical, photocopying, recording or otherwise, without the prior permission 
of the British Journal of Anaesthesia. 


Published by Professional and Scientific Publications. 
Printed in Great Britain by the University Press, Cambridge 


“T would have everie man write what he knowes and no more. -MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 





VOLUME 64, No. 6 


JUNE 1990 





EDITORIAL 


CONTINUOUS ARTERIOVENOUS HAEMODIALYSIS IN THE INTENSIVE THERAPY UNIT 


Studies attempting to predict outcome in in- 
tensive care have categorized patients with respect 
to the number of organ systems that have failed 
and the duration of their failure [1, 2]. Definitions 
of organ failure are specific [1]: a requirement for 
dialysis is one of the criteria that defines renal 
organ failure. If one organ system fails for more 
than 3 days, that patient group has been shown to 
have a mortality in excess of 30%; if a second 
system fails, the mortality is increased to 60%, 
and if three organ systems fail for more than 3 
days, the mortality is greater than 90% [2]. Thus 
when acute renal failure develops in an intensive 
therapy unit (ITU) patient, it places that patient 
in a poor prognostic group [3]. Mortality from 
multiple organ failure (inclusive of renal failure) 
has changed little over the past 40 years [4], 
despite improvements in therapy such as early 
nutritional support and dialysis. 

Dialysis facilities in the U.K. are provided on a 
sub regional basis and the management of acute 
renal failure (in ITU patients) has necessitated 
transfer of critically ill patients from one hospital 
to another. Bion and colleagues [5] have 
demonstrated that it is possible to achieve transfer 
of critically ill patients with little change in their 
clinical condition, provided that the patient’s 
clinical condition is rendered optimum and that 
appropriately trained personnel and equipment 
are available. However, Wright and colleagues [6] 
have demonstrated that only 20% of units 
performing secondary transport are equipped to 
measure intra-arterial pressures during transport 
and that 67% of units frequently employ either 
senior house officers or house officers for “‘escort 
duty”. It is possible, therefore, that significant 
numbers of patients may have deteriorated further 
by the time they arrive at a dialysis centre. 

Dialysis techniques continue to improve; 
smaller, more efficient dialysers have improved 
clearance and ability to control ultrafiltration. 
The use of bicarbonate dialysate has reduced 
cardiovascular instability, and improved moni- 


toring has reduced the incidence of complications 
such as haemolysis and air embolus. Despite these 
improvements, some patients suffering from mul- 
tiple organ systems failure are unable to tolerate 
the “‘stress”” of haemodialysis without resort to 
large amounts of inotropic support. 

Continuous arteriovenous haemodialysis 
(CAVHD) in acute renal failure is a technique 
which may be applicable for use in patients with 
multiple organ systems failure to enable us to 
circumvent these problems. CAVHD is a further . 
development of continuous arteriovenous 
haemofiltration (CAVH) which was introduced 
by Kramer, Wigger and Reiger [7] in 1977 to 
control uraemia in critically ill patients, without 
precipitating cardiovascular instability. To obtain 
adequate clearance in patients with a high cata- 
bolic rate, however, it has proved necessary to 
provide either intermittent machine haemo- 
dialysis or increase the flow through the filter by 
means of a roller pump. CAVHD combines slow 
diffusion with convective ultrafiltration and 
thereby increases clearance without the pitfalls of 
roller pumps or the need for intermittent 
haemodialysis. 

CAVHD does not require a haemodialysis 
machine, cannulae are placed into the femoral 
vessels and blood is driven along the dialysis filter 
by the A-V pressure difference, whilst dialysate is 
infused past the other side of the membrane. It 
has been suggested, therefore, that it is a tech- 
nique that may be performed in a non-specialist 
ITU, in the absence of “renal trained” nursing 
personnel [8]. If this proves to be so, it will avoid 
the problems of secondary transfer and cardio- 
vascular instability, and may also relieve pressure 
on specialist renal units. This is an appealing 
concept, but will require the results of outcome 
studies to establish that this group of patients 
obtains benefit. Until this is established, CAVHD 
should remain a therapeutic manceuvre initiated 
after consultation with, and possibly under the 
guidance of, a renal physician, as failure to control 
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the uraemia, complications and long term therapy 
will necessarily require such involvement. In this 
way we can endeavour to provide optimal therapy 
for our patients while we gather the data necessary 
to guide future decision making. 

G. W. Jones 
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PHARMACOKINETICS OF INTERPLEURAL BUPIVACAINE 
IN PATIENTS UNDERGOING CHOLECYSTECTOMY 


G. A. MOGG, E. J. TRIGGS, Z. ISMAIL, J. HIGBIE AND M. FROST 


SUMMARY 


Arterial and venous plasma concentrations of 
bupivacaine were measured following inter- 


pleural administration of 20 ml of 0.5% solution . 


with adrenaline in patients undergoing chole- 
cystectomy. Mean maximum arterial and venous 
concentrations in eight of 11 patients were 1.90 
(SD 0.36) and 1.65 (0.48) mg litre and oc- 
curred at 22 (10) min and 25 (10) min, respect- 
ively. An arteriovenous difference for bupi- 
vacaine of approximately 20% was noted during 
the first 45-60 min after administration. 
Mean systemic venous plasma clearance 
(0.75 (0.08) litre h kg-') was less and the 
mean elimination half-life (6.85 (2.29) h) and 
mean body residence time (9.99 (3.00) h) were 
longer than reported previously for interpleural 
bupivacaine—possibly because of continued 
slow absorption of the drug from its absorption 
site. 


KEY WORDS 


Anaesthatic tachniques, regional. interpleural block. Pharma- 
cokinetics: bupivacaine. 


Reiestad and Stremskag [1] reported a technique 
of injecting local anaesthetic into the pleural 
cavity via an interpleural catheter. In 81 patients 
undergoing unilateral operations on the trunk, a 
single 20-ml dose of 0.5% bupivacaine with 
adrenaline was reported to produce complete 
analgesia in 78 patients, with a mean duration of 
10h. 

Further studies reported over the past 3 years 
have validated this technique [2-6] and the 
technique has been the subject of a recent editorial 
by Covino [7]. The majority of the investigators 
have reported on the successful use of a single 
dose of 20 ml of 0.5% bupivacaine with adren- 
aline for complete analgesia. Additional doses 


(usually of the same order of magnitude as the 
initial dose) of bupivacaine via the interpleural 
catheter have been administered up to four times 
a day for a maximum duration of 7 days [8]. An 
alternative technique for long-term analgesia has 
been administration of bupivacaine by continuous 
infusion via the catheter for periods of up to 10 
days [2]. 

To date, only one detailed pharmacokinetic 
study of bupivacaine has been published [4]. The 
authors examined only venous plasma concen- 
trations of bupivacaine. Differences in arterio- 
venous concentrations may occur with other local 
anaesthetics and could be important in interpret- 
ation of absolute drug concentrations [9]. Our 
study was designed to examine this question as 
part of a detailed pharmacokinetic study of 
interpleural bupivacaine in patients undergoing 
cholecystectomy. 


PATIENTS AND METHODS 


With approval from the local Ethics Committee 
and written informed consent, we studied 11 adult 
patients (10 females and one male, 19-62 yr, and 
weight 57—85 kg) after elective surgery for chole- 
cystectomy. Patients were excluded by a known 
history of hypersensitivity to local anaesthetics or 
a history of pleurisy, chronic liver disease or 
epilepsy. 

Following surgery and before termination of 
anaesthesia, a 16-gauge Tuohy needle (bevel 
uppermost) was inserted into the interpleural 
space in the posterior axillary line at the level of 
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the 8th rib and an appropriate extradural catheter 
was inserted until approximately 10 cm had been 
introduced into the pleural cavity. A bacterial 
filter was attached to the end of the extradural 
catheter. 

After operation, the patient was transferred to 
the Intensive Care Unit for continuous moni- 
toring of heart rate and arterial pressure. With the 
operative side uppermost, a 20-ml bolus of 0.5% 
bupivacaine containing adrenaline 5 pg ml“ was 
injected into the pleural space via the interpleural 
catheter over approximately 40 s. 

Arterial and central venous blood samples were 
obtained simultaneously from eight of the 1] 
patients just before bupivacaine was administered 
(blank), and at 2, 5, 10, 15, 20, 25, 30, 45 and 
60 min after injection. This was followed by 
venous sample collection only at 1.5, 2, 4, 6 and 
8 h after drug administration. 

In two patients (Nos 1 and 2), arterial samples 
only could be collected for the full 8 h, while in 
one patient (No. 6) only venous collections were 
made over the 8-h sampling period. 

The samples were centrifuged and the plasma 
deep-frozen and stored before analysis. Plasma 
concentrations of bupivacaine were measured by 
high pressure liquid chromatography using the 
method of Wiegand and Chou [10], with minor 
modifications. With this procedure the drug 
and its internal standard (1-pentyl-2-(2’,6’-xylyl- 
carbamoyl)-piperidine) are extracted from alka- 
lanized plasma by hexane, and after evaporation 
of the hexane phase the residue is redissolved in a 
water—methanol] mixture. The mobile phase for 
chromatography is methanol:sodium phosphate 
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buffer (60:40) at a flow rate of 1.5 ml min“, with 
ultraviolet detection at 254 nm. The sensitivity of 
this assay for bupivacaine was 0.1 mg litre, with 
an intra- and inter-day assay coefficient of vari- 
ation of approximately 8% at a plasma con- 
centration of 0.4 mg litre. 


Pharmacokinetic analysts 


The pharmacokinetics of bupivacaine absorp- 
tion and disposition following its administration 
by the interpleural route were calculated as 
described previously for the local anaesthetics [9]. 
However, in the absence of i.v. data it was not 
possible to use deconvolution techniques to define 
the absorption kinetics of bupivacaine via this 
route; instead, they were characterized by indirect 
measurements of the maximum concentration of 
drug in plasma (Cmax) and the time of occurrence 
(tmax) (table I). 

The volume of distribution at steady state (V™), 
area under the plasma concentration—time curve 
(AUC) total systemic plasma clearance (Cls), 
terminal phase half-life (7j°) and mean body 
residence time (MBRT), were the pharmaco- 
Kinetic parameters calculated for bupivacaine 
(table IT). 


RESULTS 


For the eight patients in whom simultaneous 
arterial and venous data were available, average 
maximum arterial and venous plasma concen- 
trations were 1.90 (sp 0.36) mg litre! and 1.65 
(0.48) mg litre! and occurred at 22 (10) min and 
25 (10) min, respectively (table I). 


TABLE I. Maximum arterial (art) and venous (ven) plasma concentrations (Cmax) and time when these 
values were achieved (tmax). na = Not available 


Patient Cmax art imax art Cmax ven tmax ven 
No. (mg litre~*) (h) (mg litre~*) (h) 
3 2.04 0.42 1.88 0.42 
4 1.63 0.63 1.05 0.75 
5 1.97 0.33 1.17 0.50 
7 1.64 0.17 1.72 0.25 
8 1.29 0.29 1.13 0.33 
9 2.14 0.25 2.04 0.25 
10 2.43 0.25 2.31 0.33 
11 2.02 0.57 1.93 0.50 
Mean 1.90 0.36 1.65 0.42 
sp 0.36 0.16 0.48 0.17 
l 2.68 0.17 na na 
2 3.18 0.42 na na 
6 na 0,88 0.50 
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TABLE II. Pharmacokmetic data for bupivacaine after interpleural admimstration. Volume of distribution at steady state (V), 

area under the plasma concentranon—-time curve (AUC,_,.), total systemic plasma clearance (Cls), terminal phase half-life m»), 

and mean body residence tune (MBRT). art/ven = Parameters derroed from arterial plasma concentration data to either 45 or 

60 min after admumstration, together mth venous plasma concentration data to 8h; ven = parameters derived from venous plasma 
concentration data only to 8 h after administration. na = Not available 








V*art/ AUCs» AUC... Chs art/ 
ven V™ven art/ven ven ven Cis ven MBRT MBRT 
Patient (litre (litre (mg h~! (mg h`! (litre (litre Tj? ven art/ven ven 
No. kg’) kg?) litre) litre) h~? kg~t) h7! kg7*) (h) (h) (h) 
3 1.13 1.17 8.60 8 45 0.19 0.19 4.08 6.00 6.11 
4 1.64 1.75 9.60 9.27 0.17 0.17 6.90 9.92 10,24 
5 1.52 1.77 7.03 6.50 0.20 0.22 5.78 7.52 8.09 
7 1.77 1.73 7.56 7.64 0.21 0.21 6.30 8.48 8.40 
8 1.70 1.74 10.9] 10.77 0.14 0.15 8.66 11.87 12.02 
9 1.28 1.33 10.69 10.50 0.16 0.16 5.78 8.23 8.37 
10 1.60 1.65 11.64 11.47 0.15 0.15 5.78 10.65 10.81 
li 1.30 1.31 19.32 19.27 0.08 0.08 11.55 15.82 15.86 
Mean 1.49 1.56 10.67 10.48 0.16 0.17 6.85 9.81 9.99 
sD 0.23 0.24 3.86 3.92 0.04 0.04 2.29 3.05 3.00 
AUG,.. 
y™ art art Cls art MBRT 
(litre (mg h`! (litre h“! T; art art 
kg’) litre) kg?) (h) (h) 
I 0.80 na 9.44 na 0.14 na na 4.33 na 5.75 
2 1.29 na 8.66 na 018 na na 5.33 na 7.04 
6 na 1.88 na 10.44 na 0.11 11.55 na 16.72 na 
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Fig. 1. Arterial (@) and venous (©) plasma concentrations 


of bupivacaine following interpleural administration of 0.5% 
bupivacaine 20 mi with adrenaline (5 pg ml~‘) (patient No. 8) 


The range of maximum plasma concentrations 
for all patients was 1.29-3.18 mg litre arterial 


(n = 10) and 0.88-2.31 mg litre! venous (7 = 9). ` 


Similar arterial and venous data for tmax were 
10-38 min and 10—45 min, respectively. 

Figure 1 illustrates a plot of the arterial and 
venous plasma concentration—time curves for 
bupivacaine following interpleural administration 


Fic. 2. Mean arterial (@) and venous (O) plasma concen- 

trations of bupivacaine during the first 60 min following inter- 

pleural administration of 0.5% bupivacaine 20 ml with adren- 
aline (5 pg ml~4) for eight patients. 


to one of the patients (No. 8). Average arterio- 
venous concentration differences of about 20% 
were apparent in the early period after drug 
administration, with equilibrium between these 
two concentrations occurring usually by 45 min 
and, in three patients, by 60 min (fig. 2). 
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For the eight patients in whom simultaneous 
arterial and venous data were available, the 
average systemic clearance of the drug as 
measured from venous data (Cis ven) was 
0.15 (0.08) litre hh kg. The volume of distri- 
bution at steady state was found to be approxi- 
mately 1.49 (0.23) litre kg-t, with an elimination 
half-life of 6.85 (2.29)h. Average mean body 
residence time (MBRTven) was 9.99 (3.00) h 
(table IT). 


DISCUSSION 


Maximum systemic arterial and venous plasma 
concentrations of bupivacaine were found to occur 
at approximately 10—40 min and 10-45 min, re- 
spectively, after interpleural administration. The 
maximum arterial and venous concentrations in 
the eight patients from whom simultaneous 
arterial and venous plasma concentrations were 
available were 1.29-2.43 mg litre (mean 
1.90 (sp 0.36) mg litre? and 1.05-2.31 mg litre! 
(mean 1.65 (sp 0.48) mg litre™t, respectively. 
These results are in agreement with those of 
Stramskag and co-workers [5], who determined 
radial arterial plasma concentrations of bupi- 
vacaine following 20-ml injections of 0.25%, 
0.375 % and 0.5 % solutions containing adrenaline 
5ugml?. The mean maximum concentration 
reached for 0.5 % bupivacaine was 1.20 (0.44) mg 
litre"! (range 0.39-1.80 mg litre™!) at approxi- 
mately 15 min (range 10-20 min). Seltzer and 
colleagues [4] in their study in 11 cholecystectomy 
patients conducted with a single dose of 0.5% 
bupivacaine 30 ml containing 1:100000 adren- 
aline found that the range of maximum venous 
plasma concentrations was 1.10-3.27 mg litre7}, 
occurring 15-30 min after administration. 

The arterial plasma concentration of bupi- 
vacaine associated with central nervous system 
toxicity usually exceeds 4 mg litre? [11]. How- 
ever, seizure activity has been reported at concen- 
trations of 2.3 and 3.0 mg litre! [12]. Our mean 
systemic arterial plasma concentration of 
1.90 (0.36) mg litre! was less than these values, 
but in one patient who showed no signs of 
bupivacaine toxicity it was 3.18 mg litre™!. 

An arteriovenous difference of approximately 
20% was noted in eight patients in whom 
simultaneous arterial and venous sampling was 
undertaken. Large arteriovenous differences in 
loca] anaesthetic concentrations have been ob- 
served previously, particularly after perineural 
injection [13]. Apparent equilibrium of bupi- 
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vacaine between arterial and venous plasma 


occurred in most cases within 45 min to lh - 


following interpleural administration. 

Our pharmacokinetic parameters describing the 
disposition of bupivacaine after interpleural 
administration (table II) may be compared di- 
rectly with those of Seltzer and co-workers [4]. 
The elimination half-life was longer in our study 
(6.85 (2.29) vs 3.5 (0.93) h), the systemic clear- 
ance and steady state volume of distribution 
less (0.15 (0.08) vs 0,42 (0.17) litre h~? kg"; 
1.49 (0.23) vs 1.94 (0.37) litre kg, respectively), 
and the mean body residence time was increased 
considerably (9.99 (3.00) ws 4.86 (1.5) h). All data 
for both studies were derived from systemic 
venous plasma concentrations of the drug 
measured to a time of 8 h after administration of 
drug, and both groups of patients were under- 
going cholecystectomy. Possible reasons for the 
discrepancy in the results of the two studies 
include differences in plasma binding and in the 
placement of the interpleural catheter. 

The study by Seltzer and colleagues [4] exam- 
ined the pharmacokinetics of bupivacaine fol- 
lowing interpleural administration of 30 ml of 
0.5% (150 mg) of the drug, whereas we used the 
more conventional 20-m] dose (100 mg). Bupi- 
vacaine 1s bound extensively to alpha,-acid glyco- 
protein [14], and although such binding remains 
relatively unsaturated in the non-toxic range of 
plasma drug concentrations (2—4 mg litre) [15], 
differences in the degree of binding of the drug at 
the different doses in the two studies may have 
contributed to variation in the pharmacokinetic 
results. 

The position of placement of the interpleural 
catheter is also an important consideration. It has 
been shown [8] that postoperative analgesia in 
patients who underwent anterior thoracotomies 
was inadequate when the catheter was placed 
anterior to the lung rather than posterior. This 
lack of analgesia might be caused by incomplete 
absorption of the drug from the pleural cavity. 
The exact positioning of the catheter in our own 
and Seltzer’s study was not determined. Thus it 
might be possible that, in our study, the de- 
creasing post-peak plasma concentrations of bupi- 
vacaine might have been affected by slow and 
continued absorption of the drug from the pleural 
cavity. Such behaviour would be expected to 
result in an apparent smaller systemic clearance, a 
longer half-life and an increased MBRT of the 
drug. A clinical observation in support of this 


“~~ 
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possibility was apparent for one patient (No. 4) in 
whom the time of the maximum arterial and 
venous concentrations was delayed to approxi- 
mately 40 and 45 min, respectively, and who had 
inadequate analgesia following the interpleural 
dose. We suggest, therefore, that the positioning 
of the interpleural catheter should be checked 
carefully in future studies involving this tech- 
nique. 
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EFFECT OF ADRENALINE ON VENOUS PLASMA 
CONCENTRATIONS OF BUPIVACAINE AFTER 
INTERPLEURAL ADMINISTRATION 


T. GIN, K. CHAN, A. F. KAN, M. A. GREGORY, Y. C. WONG 


AND T. E. OH 


SUMMARY 


Bupivacaine 2.5 mg kg! (0.5 mi kg? of 0.5% 
solution), with or without adrenaline 5 ug mi’, 
was administered by interpleural injection to 12 
patients after elective cholecystectomy. Non- 
compartmental analysis indicated that the ad- 
dition of adrenaline had no effect on total body 
clearance, apparent volume of distribution at 
steady state or elimination half-life of bupi- 
vacaine. However, peak plasma concentrations 
were lower in the adrenaline group (mean (so) 
[range] : 2.57 (0.61) [7.52-3.11] vs 3.22 (0.27) 
[2.84-3.53] ug mF’, P < 0.05) and the time to 
maximum concentration was delayed (median 
[range]: 25 [15-30] vs 15 [10-20] min, P < 
0.05). Analgesia was variable and no differences 
were detected between the two groups. The 
addition of adrenaline appears prudent to mini- 
mize possible bupivacaine toxicity. 


KEY WORDS 


Anaesthetic techniques  interpleural Analgesia: post- 
operative. Pharmacokinetics: bupivacaine. 


Interpleural analgesia is a recent technique which 
was used initially for postoperative pain relief for 
unilateral abdominal or breast surgery [1]. The 
position of interpleural analgesia in modern 
anaesthetic practice is under review and many 
questions remain to be answered [2]. The suc- 
cessful dose of bupivacaine has varied from 0.5 % 
bupivacaine 8 mi [3] for pancreatic cancer pain, to 
0.5% bupivacaine 30 ml [4] for cholecystectomy 
and even 0.75 % bupivacaine 60 m! has been used 
in a bilateral block [5]. 

As with intercostal block [6], interpleural 
bupivacaine is absorbed rapidly [4, 7-9] and 


concern regarding toxic concentrations of bupi- 
vacaine led to the routine addition of adrenaline to 
the local anaesthetic solution. However, there 
have been no controlled studies to confirm that 
this decreased the absorption of bupivacaine. The 
use of adrenaline has been criticized because 
significant cardiovascular side effects have been 
reported when infusions have been used [10]. A 
recent study of interpleural bupivacaine, with and 
without adrenaline, administered a fixed volume 
and dose of local anaesthetic but did not analyse 
the effect of patients’ body weight and size on the 
peak concentrations of bupivacaine [11]. The time 
to peak absorption was much later in their 
adrenaline group compared with previous reports 
while, in the plain group, results were skewed by 
one patient who had peak values three times that 
of the other patients. 

The aim of this study was to determine the 
effects of added adrenaline 1:200000 (5 ug ml) 
on the absorption of interpleural bupivacaine. 


PATIENTS AND METHODS 


After approval from the Research Ethics Com- 
mittee of the Chinese University Faculty of 
Medicine, 12 ASA I or II Chinese patients for 
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elective cholecystectomy gave informed consent 


- for this study. Patients were not taking any 


medications and had no history of pulmonary 
disease or allergy to local anaesthetics. No patient 
admitted to regular alcohol intake or smoking 
history. All patients had normal routine hae- 
matology and biochemistry, including liver func- 
tion tests. 

Anaesthesia was induced with thiopentone 
4mgkg™, fentanyl 2 ugkg™ and atracurium 
0.5 mg kg. Further increments of atracurium 
were given as required and anaesthesia was 
maintained with 70% nitrous oxide with 0.5— 
1.0% isoflurane in oxygen. An interpleural cath- 
eter (16-gauge extradural) was inserted at the end 
of the operation, before antagonism of neuro- 
muscular block with neostigmine 2.5 mg and 
atropine 1.2 mg. 

The patient was turned to the left lateral 
position and the sixth intercostal space located in 
the posterior axillary line. A disposable 16-gauge 
Tuohy needle was walked off the superior border 
of the seventh rib with the shaft parallel to the 
posterior path of the rib. As one hand of the 
anaesthetist guided the advance, the other hand 
attempted to pass the extradural catheter through 
the needle. When the parietal pleura was pierced, 
the catheter could be threaded without resistance, 
enabling the Tuohy needle to be withdrawn 
slightly and the catheter inserted to 5 cm. 

In the recovery area, patients were requested to 
complete a visual analogue pain score (VAS) 
which had been explained before operation. They 
were also questioned directly about severity of 
pain on a simple scale from 0O to 3, with 0 
representing no pain, 1 slight pain, 2 moderate 
pain and 3 severe pain. 

Patients were allocated randomly to receive 
0.5% bupivacaine 0.5 ml kg with or without 
the addition of 1:200000 adrenaline as available 
commercially from Astra Pharmaceuticals. This 
was injected over 2 min with the patient lying 
supine. Assessment of pain score and VAS were 
repeated at 5, 10, 15, 20, 30, 45, 60, 120, 240, 360 
and 480 min after injection by one investigator 
who was unaware of the local anaesthetic solution 
given. 

Further interpleural injections were not per- 
formed. If the patient was still in pain after 
30 min, morphine in 2.5-mg increments was 
administered i.v, until the patient was comfort- 
able. Catheters were aspirated and removed after 
2h, before the patient left the recovery room. 
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Pethidine was given i.m. for additional post- 
operative analgesia when requested by the patient. 
Duration of interpleural analgesia was taken as the 
time from interpleural injection to the time that 
patients first requested pethidine. 

Patients were interviewed and examined the 
next day. Chest radiographs were taken only if 
indicated clinically. 

Blood samples were obtained before and 5, 10, 
15, 20, 30, 60, 120, 240, 360 and 480 min after 
bupivacaine was administered. Plasma concen- 
trations were determined by a gas—liquid chroma- 
tographic procedure with a nitrogen-sensitive 
detector as described previously [12]. This tech- 
nique is based on a single extraction of bupi- 
vacaine and internal standard etidocaine from 
alkalinized plasma samples into n-hexane. The 
calibration curve was linear over the range 
0.1—4.0 ug ml“! and the mean (sD) recovery from 
plasma at 2.0 ug ml? was 91.9 (4.2) %. The intra- 
assay and inter-assay coefficients of variation were 
2.9% and 6.9 %, respectively, at 2.0 pg ml using 
a l-ml sample. Plasma concentration data were 
analysed by a model-independent method based 
on statistical moment theory [13]. The analysis was 
carried out using a microcomputer program 
PKCALC and the augmented ESTRIP [14] 
which determined the elimination half-life ac- 
cording to the terminal linear position (usually the 
last four to five points) of the plasma concen- 
tration—-time curve. The computer calculated the 
linear least squares regression line associated with 
the data subset. Area under the plasma concen- 
tration—time curve, apparent volume of distri- 
bution and total body clearance were computed 
by PKCALC. 

The Mann-Whitney U test or Fisher’s exact 
test was used for comparisons where appropriate. 
P < 0.05 was accepted as significant. 


RESULTS 


There were no differences in age, weight, sex or 
total anaesthetic time between the groups (table 


I). 


TABLE I. Panent data (mean (SD)) 





Plain Adrenaline 
Age (yr) 49.0 (14.8) 46 3 (11.2) 
Weight (kg) 58.2 (11.7) 58.3 (9.4) 
Sex (M/F) 3/3 6/0 
Anaesthetic time (min) 92.5 (23.0) 90.0 (24.9) 
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Derived pharmacokinetic variables are pre- 
sented in table II. The addition of adrenaline did 
not alter the total body clearance, apparent volume 
of distribution or elimination half-life of bupi- 
vacaine. Peak plasma concentrations (Cmax) were 
significantly lower in the adrenaline group (mean 
(sp) [range]): 2.57 (0.61) [1.52-3.11] ug ml“) and 
the time to maximum concentration (tmax) delayed 
(median [range]: 25 [15-30] min) compared with 
the plain group (3.22 (0.27) [2.84-3.53] ug ml- 
and 15 [10-20] min) (fig. 1). The difference in 
Cmax was still significant when adjusted for the 
initial dose of bupivacaine. 

Fifty percent of the patients could not complete 
the VAS immediately after surgery. Some patients 
had not recovered eye—hand co-ordination suffici- 
ently to mark the chart accurately. As these 


Tasis II. Pharmacokmetic variables after tmterpleural in- 

jecron of 0.5% bupivacaine 2.5 mg kge! mth and without 

added adrenaline 1 : 200000. Total body clearance (Cl), appar- 

ent volume of distribution at steady state (V*), elimination 

half-life (Tf) and peak concentration (Cmax) are presented as 

mean (SD). Time to peak concentration (tmax) 1s given as 
median (range). *P < 0.05 


Plain Adrenaline 
AUC,, (ug min ml) 595.3 (144.8) 592.7 (181.9) 
Cl (ml min`? kg!) 4.60 (1.92) 4.67 (1.83) 
p= (litre kg-t) 1.70 (0.91) 2,05 (0.93) 
T (min) 234.8 (42.6) 278.8 (50.4) 
Cmax (ug mi~?) 3.22 (0.27) * 2.57 (0.61) 
tmax (min) 15 (10-20) * 25 (15-30) 


Venous plasma bupivacaine (ug mi”) 
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patients requested analgesia, we felt obliged 
ethically to administer the interpleural local 
anaesthetic solution. The VAS were thus partially 
incomplete and analysis abandoned. 

There were no differences in the pain scores 
between the two groups and duration of analgesia 
was variable. Two patients in the plain group 
required i.v. morphine 5 mg at 30 min, although 
one subsequently required no more opioid an- 
algesia throughout her hospital stay; one patient 
had excellent analgesia requiring no pethidine, 
and analgesia lasted 1.5, 7.5 and 12.8h in the 
remaining three patients. Duration of analgesia 
was more consistent in the adrenaline group 
(range 3.3—10.8 h, median 9.2 h). Two patients in 
the adrenaline group requested no further pethi- 
dine after the first dose. 

There were no signs of local anaesthetic toxicity 
after interpleural injection. Two patients com- 
plained of transient retrosternal chest discomfort, 
but clinical examination and chest radiographs 
failed to reveal any abnormality. No air was 
aspirated from the catheters, all of which were 
removed intact. 


DISCUSSION 


The addition of adrenaline delayed and decreased 
peak concentrations of bupivacaine after inter- 
pleural injection. Absorption of interpleural bupi- 
vacaine appeared to be as rapid as that following 
intercostal block [15] with tmax usually between 
10 and 20 min after both routes. 


240 480 


Time after interpteural injection (min) 


Fic. 1. Mean (SEM) venous plasma concentrations after interpleural administration of bupivacaine 
2.5 mg kg! plain (-—) or with 1:200000 adrenaline (——»). 
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Peak venous plasma concentrations of bupi- 
‘ vacaine were high compared with other studies; 

the potential range for CNS toxicity is estimated 
to be 2-4 pug mI [15]. Cmax varies widely 
between studies, partly because of different doses, 
long intervals in blood sampling and interpatient 
variability. In thoracic surgery, there is variable 
damage to lung tissue, dilution of local anaesthetic 
by blood and loss from chest drains. Greater 
concentrations than ours have been reported in 
adults [5], and peak arterial concentrations of 
4—7 ug ml~! after interpleural infusions in children 
caused no complications [16]. There is continued 
debate on the optimal dosage, volume and con- 
centration of local anaesthetic solution, although 
the minimum effective dose should be used. 
Animal studies demonstrate that the mechanism 
of interpleural analgesia is multiple intercostal 
block [17] and an increased volume causes a more 
extensive block [18]. Quality of analgesia after 
0.25% and 0.5% bupivacaine may be similar [9]. 

We calculated the interpleural dose and volume 
of bupivacaine from the patient’s weight. Weight 
has not been shown to affect the pharmacokinetics 
of local anaesthetics [15], but it is logical that 
weight should have some effect on Cmax. If the 
same dose is given to two patients with markedly 
different body weight, we would expect the peak 
concentration to be comparatively smaller in the 

‘heavier patient if the rate of absorption is similar. 

The drug would distribute through a greater 
volume of distribution in the heavier patient 
before achieving a peak concentration. Weight in 
this study ranged from 46 to 80 kg and we did not 
wish to give the same dose to the patients at each 
extreme. 

Pharmacokinetic variables for interpleural bupi- 
vacaine with adrenaline have been estimated in 
Caucasian patients [4]. tmax and volume of 
distribution at steady state were similar, but 
clearance and elimination half-life greater 
(Students t test, P < 0.05) compared with our 
patients. Cmax was not significantly different 
(P = 0.12). The patients were much younger than 
our patients and no weight data were given. 
Details of the general anaesthetic technique were 
not provided and all patients were given bupi- 
vacaine 150 mg with a greater concentration of 
adrenaline (1:100000). However, ethnic race, age 
and weight are not usually significant factors 
affecting the pharmacokinetics of local anaes- 
thetics [15]. We have no other explanation for the 
differences in clearance and elimination half-life, 
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and a further comparative study would be re- 
quired to clarify this. 

Efficacy of analgesia has been variable and this 
is apparent even in series from proponents of 
interpleural analgesia. Effective pain relief in 78 of 
81 patients, with a mean duration of 10h, was 
reported initially [1], but subsequent papers by 
the same group were less consistent. There was 
unsatisfactory analgesia in two of 30 patients, with 
a further six requiring additional analgesia within 
4h [9]. Total postoperative analgesic require- 
ments were not decreased by interpleural bupi- 
vacaine [19], although reduced morphine usage 
has been shown in the first 4h after operation 
[20]. After cholecystectomy, three of 11 patients 
required additional opioid analgesia [4] and there 
was no pain relief in five of 24 patients after 
thoracotomy [11]. Inadequate analgesia [8, 10, 21], 
pneumothorax and lung trauma [22] have been 
common problems in other studies. 

The addition of adrenaline has been postulated 
to improve the quality of analgesia: by decreasing 
the absorption of bupivacaine, it might provide 
increased time for the local anaesthetic to diffuse 
through the pleura to the intercostal nerves. This 
has not been apparent in the present study or in 
previous work [11]. 

The original authors identified the interpleural 
space by movement of the plunger of a glass 
syringe attached to the Tuohy needle. Variations 
of this method have been criticized as the cause of 
increased complications [23]. However, with the 
equipment available in our institution, we agree 
with other researchers that movement of the 
plunger is not always a definite endpoint [4, 24]. 

We feel that the method we have described is a 
useful alternative, with some advantages. The 
Tuohy needle is withdrawn slightly as soon as the 
catheter is passed. This may decrease the chance 
of damage to lung by the tip of the needle. It is not 
necessary to remove any syringe and so no 
inadvertent movement of the Tuohy needle or 
entrainment of air occurs. It is important not to 
withdraw the catheter after it has been passed a 
few centimetres as the catheter may shear. With 
practice, the operator rapidly discerns the ap- 
propriate time to thread the catheter, as there is 
slight resistance until the Tuohy needle has 
pierced the pleura. In four separate patients, this 
procedure was performed before elective thor- 
acotomy; the catheter was placed correctly, with 
no visual evidence of damage or bleeding from the 
pleura or lung surface. 
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There was no clinically detectable pneumo- 
thorax in our small series. Interpleural analgesia 
may improve postoperative respiratory function 
[7, 20] and opioid drugs are avoided. However, we 
are concerned that the patients who may benefit 
the most, for example those with chronic ob- 
structive airways disease, are individuals in whom 
a pneumothorax would be most dangerous. 

For those workers and situations where inter- 
pleural analgesia with bupivacaine is found to be 
a useful technique, we recommend the addition of 
adrenaline 5ugml to delay absorption and 
decrease peak drug concentrations. 
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PHARMACOKINETICS OF I.M. GLYCOPYRRONIUM 


T. M. ALI-MELKKILA, T. KAILA, J. 


SUMMARY 


A sensitive radioreceptor assay was used to 
determine the pharmacokinetics of glyco- 
pyrronium following a single i.m. injection of 
8 ug kg? in nine surgical patients. Rapid ab- 
sorption was found, with a mean peak plasma 
concentration after 16.1 min and mean elimina- 
tion half-life of 75.4 min. Almost half (49.3%) 
of the drug was excreted in pharmacologically 
active form in the urine within 3 h. A significant 
increase in heart rate (P < 0.05) occurred in 
15 min, lasting up to 60min, and an anti- 
sialagogue effect in 10 min, lasting up to 8h 
(P < 0.05). There was no measurable glyco- 
pyrronium in lumbar cerebrospinal fluid samples 
(n=9) taken 40min after administration of 
drug. 


KEY WORDS 
Pharmacokinetics. glycopyrronium. 


Glycopyrronium bromide is a quaternary am- 
monium anticholinergic drug, which has been 
used widely in anaesthetic practice. Because of 
difficulties in measuring plasma concentrations of 
glycopyrronium, little is known about its pharma- 
cokinetics in man. The development of a sensitive 
radioreceptor assay (RRA) has enabled us to 
measure concentrations as small as 60 ng litre! 
and thus examine the plasma and urinary concen- 
trations of the drug. 

It is assumed that, because of its quarternary 
ammonium structure, glycopyrronium does not 
cross biological membranes with ease. In animal 
studies with radiolabelled glycopyrronium, it has 
been shown that its penetration through the 
blood-brain and placental barriers is extremely 
poor compared with that of radiolabelled atropine 
[1]. Many studies have demonstrated also that 
glycopyrronium is virtually lacking in significant 
CNS effects, whereas atropine may cause serious 
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CNS depression [2]. Therefore we were interested 
also to see if glycopyrronium could be detected in 
cerebrospinal fluid. In this study we have exam- 
ined also some clinical effects of glycopyrronium 
and their correlation with plasma concentrations 
of the drug. 


PATIENTS AND METHODS 


We studied nine patients (mean age 60.6 (SD 8.8) 
yr, mean weight 73.2 (15.9) kg, ASA I-II) 
undergoing vaginal hysterectomy under spinal 
(plain 0.5% bupivacaine 3.5 ml, level L2—L3) and 
extradural (plain 0.5% bupivacaine 10 ml, level 
T12—L1) anaesthesia. Oral informed consent was 
obtained from patients and the study was ap- 
proved by the local Ethics Committee. Arterial 
pressure was maintained before and during sur- 
‘gery by infusion of 1500-2000 ml of crystalloids. 
Glycopyrronium 0.008 mg kg“? was injected 
into the right deltoid muscle 39.8 (11.6) min 
before induction of anaesthesia. A cannula was 
inserted into an anterior cubital vein and serial 
venous blood samples were taken into K-EDTA 
plastic tubes just before and 5, 10, 15 and 30 min 
and 1, 2, 3, 6 and 8h after injection of glyco- 
pyrronium. Plasma was separated within 30 min 
by centrifugation (4000 g, 10 min) and stored at 
—70°C. Urinary samples were collected via an 
indwelling catheter up to 8h after drug admin- 
istration, and stored at —70°C. Cerebrospinal 
fluid (CSF) samples (2 ml, obtained during per- 
formance of the spinal block) and the respective 
venous blood samples were obtained 40 min 
(range 30-65 min) after injection of glycopyr- 
ronium. CSF samples also were centrifuged 
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(4000 g, 10 min) and stored at —70°C. In all 
patients, arterial pressure and heart rate were 
measured with an automatic non-invasive device, 
and the ECG was observed continuously on an 
oscilloscope (Cardiocap, Datex). Antisialagogue 
effect and subjective sedation were estimated by 
the patients using visual analogue scales (VAS) of 
10cm numbered 0-10 (mouth normal to ex- 
tremely dry; alert to extremely tired). 

Glycopyrronium was measured using a sensitive 
modification of the radioreceptor assay described 
by Ensinger, Wahl and Brantl for ipratropium 
bromide, another quarternary anticholinergic 
drug [3]. Plasma samples (1 ml) were mixed with 
sodium picrate 0.01 mol litre? (100 litre) and 
thereafter glycopyrronium was extracted into 
dichloroethane. Aliquots of dichloroethane phase 
were evaporated by freeze drying. The binding 
assay was performed by equilibrating tritiated N- 
methylhyoscine with muscarinic receptors ob- 
tained from the rat brain. The sensitivity of the 
assay was 60 ng litre’! and the intra-assay pre- 
cision and inter-assay variation were less than 15 % 
within the limits of detection (60 ng litre) and 
less than 8% at the level of highest precision 
(600 ng litre"). 

The AUC (area under curve) for glyco- 
pyrronium was calculated by the trapezoidal rule 
using the pharmacokinetic computer program 
SIPHAR and the half-life was determined by 
preparing a semilogarithmic plot of the plasma 
concentration—time data. Plasma clearance (CD 
was calculated as CZ = dose x AUC™!, assuming 
complete absorption of drug. 

The variance of changes in heart rate and 
arterial pressure were calculated by the repeated- 
measures analysis of variance and further calcu- 
lations were made using Duncan’s multiple range 
test. The variance of the antisialagogue effect of 
glycopyrronium determined by VAS was calcu- 
lated using Friedman’s analysis of variance and 
further analyses were carried out by Wilcoxon 
signed rank test. Correlations between plasma 
concentrations of glycopyrronium and clinical 
effects were obtained using multiple linear re- 
gression and correlation and covariance. 


RESULTS 


Plasma concentrations, heart rate responses and 
antisialagogue effects following i.m. injection of 
glycopyrronium into the deltoid muscle of nine 
patients are shown in figure 1. Some pharmaco- 
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Fic. 1. Mean (sp) plasma concentration of glycopyrronium, 
heart rate (HIR) and antisialagogue effect (VAS score) follow- 
ing injection of glycopyrronium 0.008 mg kg! into the right 
deltoid muscle of nine gynaecological patients. 


kinetic parameters based on plasma concen- 
trations are given in table I. The percentage renal 
excretion (percent of the i.m. dose) of glyco- 
pyrronium was (mean (SD)): 33.1 (10.5)% at 
0-1 h; 16.2 (5.5) % at 1-3 h; 8.3 3.8) % at 3-6 h; 
3.1 (2.5) % at 6-8 h and 60.6 (11.5) % at 0-8 h. At 
the time of spinal block the mean plasma con- 
centration of glycopyrronium was 6.15 ng ml” 
and in the respective cerebrospinal fluid samples 
no drug could be detected. 

There was a significant increase in heart rate 
from 15 to 60 min (P < 0.05) and a significant 
increase in antisialagogue effect from 10 min to 
8h (P < 0.05), but no subjective sedative effects 
were noted. There were no significant changes in 
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TABLE I. Maximum plasma concentration (Cmax), time to Cmax (tax), area under curve (AUC osr) 
elimination half-life (T) and clearance (Cl) tn nme gynaecological patients receiving glycopyrronium 
0.008 mg kg} into the deltoid muscle 


Cmax tmax AUC,,, Ty Cl 
(ag mi) (min) (hngml~) (min) (litre h`! kg!) 
Mean 15.79 16.11 14.11 75.4 0.58 
SD (10.76) (8.21) (11.57) (14.91) (0.18) 


arterial pressure. There was a positive correlation 
between the plasma concentration of glyco- 
pyrronium and the increase in heart rate 
(r = +0.436, P < 0.001), but the correlation 
between plasma concentration and antisialagogue 
effect was poor (r = — 0.2152, P < 0.02). 


DISCUSSION 


The radioreceptor assay is specific for drugs 
capable of binding to muscarinic receptors [4]. 
Pharmacologically active enantiomers or metabo- 
lites which are capable of binding to muscarinic 
receptors are measured also, whilst the sensitivity 
of the method is very high (glycopyrronium 60 ng 
litre-!). This should be noted when evaluating the 
kinetic parameters calculated in this study. Using 
tritiated glycopyrronium, Kaltiala and colleagues 
have shown that only 20% of the drug is 
metabolized and 80% is excreted unchanged in 
urine and bile in man [5]. 

The absorption of glycopyrronium after i.m. 
administration into the deltoid muscle is rapid 
(tmax 16 min) and comparable to that of atropine 
(tmax 13 min) [6]. In one subject, the drug was 
obviously injected into the vein, thus leading to a 
very high peak plasma concentration. Glyco- 
pyrronium was cleared from the circulation very 
fast, the elimination phase half-life (75 min) being 
much shorter than that of atropine (2.3 h), and 
about 57% of the i.m. dose was excreted un- 
changed or as active metabolites into the urine 
within 6 h. The corresponding value for atropine 
is 18.0% [6]. 

In comparison with atropine, glycopyrronium 
is associated with fewer side effects [2]. In our 
study, glycopyrronium 0.008 mg kg i.m. pro- 


duced a significant, but transient, increase in heart 
rate, whereas the antisialagogue effect seemed to 
last much longer—up to 8h. A positive linear 
relationship was noted between plasma concen- 
tration and heart rate, but the poor correlation 
with antisialagogue effect was obviously caused by 
the late and gradual onset of this drug effect. 

As anticipated from previous animal studies [1], 
there was no measurable glycopyrronium in CSF 
samples; this is consistent with the lack of CNS 
effects of this agent. 


ACKNOWLEDGEMENT 


We thank Mrs Ulla Heikonen and Mrs Elina Kahia for 
technical assistance with this project. 


REFERENCES 


1. Proakis AG, Harris GB. Comparative penetration of 
glycopyrrolate and atropine across the blood—brain and 
placental barriers in anesthetised dogs. Anesthesiology 
1979; 48: 339-344. 

2. Shereff SH. Pattern of CNS recovery following reversal of 
neuromuscular blockade. Comparison of atropine and 
glycopyrrolate. British Yournal of Anaesthena 1985, 57: 
188-191. 

3. Ensinger HA, Wahl D, Brantl V. Radioreceptor assay for 
determination of the antimuscarinic drug ipratropium 
bromide in man. European fournal of Chnical Phar- 
macology 1987; 33: 459-462. 

4. Iisalo E, Kaila T, Lauren L. Radioreceptor assay of 
anticholinergic drugs. Annals of Clinical Research 1988; 
20: 367-372. 

5. Kaltiala E, Penttilä A, Vapaatalo H, Larmi T. The fate of 
intravenous {*H] glycopyrrolate ın man, Journal of 
Pharmacy and Pharmacology 1974; 26: 352-354. 

6. Kentala E, Kaila T, Kanto J. Intramuscular atropine in 
the elderly: serum concentrations, urinary excretion and 
some pharmacodynamic responses. Pharmacology and 
Toxicology 1989; (in press). 


British Journal of Anaesthesia 1990; 64: 670-674 


PREOPERATIVE SEDATION BEFORE REGIONAL 
ANAESTHESIA: COMPARISON BETWEEN ZOLPIDEM, 


MIDAZOLAM AND PLACEBO 


J. PRAPLAN-PAHUD, A. FORSTER, Z. GAMULIN, E. TASSONYI 


AND J.-P. SAUVANET 


SUMMARY 


The quality of premedication induced by oral 
midazolam and zolpidem, a new imidazopyridine 
hypnotic, was assessed in a controlled, double- 
blind study in 93 patients undergoing elective 
surgery under spinal or extradural anaesthesia. 
The patients were allocated randomly to three 
groups. Each group received the same treatment 
twice at two different doses. The night before 
operation, patients received zolpidem 10 mg, 
midazolam 7.5 mg or placebo and, 7h before 
operation, zolpidem 20 mg, midazolam 15 mg or 
placebo. The sleep inducing effects of the drugs 
were comparable. Zolpidem and midazolam were 
significantly more effective sedatives than 
placebo 45 min after administration, but no 
difference was noted between the drugs. There 
was a comparable incidence of anterograde 
amnesia with zolpidem and midazolam, but the 
onset was shorter after zolpidem. Side effects 
were comparable in the three groups. Zolpidem 
is an effective hypnotic with a rapid onset and 
short duration of action which may be an 
alternative to midazolam for premedication. 


KEY WORDS 
Anaesthesia: regional. Hypnotics: midazolam, zolpidem. 
Premedication. 


Optimal premedication for regional anaesthesia 
requires both anxiolysis and sedation and the 
patient’s co-operation. Benzodiazepines are 
administered frequently for this purpose [1] as 
their anticonvulsive properties may reduce local 
anaesthetic toxicity [2], although this action has 
recently been questioned [3]. Recently, zolpidem, 
a new imidazopyridine which acts on the central 


benzodiazepine receptors, has been synthesized 
[4,5]. In common with the benzodiazepines, this 
new compound has anticonvulsant and muscle 
relaxant properties. It also has a short elimination 
half-life of 2.4h [6]. The absence of effect on 
physiological sleep [4,6,7] or memory disturb- 
ance [8], may give zolpidem a theoretical ad- 
vantage over the benzodiazepines in some clinical 
situations such as outpatient anaesthesia. 

The present study was designed to compare the 
quality of premedication produced by zolpidem 
and midazolam in a controlled double-blind trial. 


PATIENTS AND METHODS 


After Ethics Committee approval, informed con- 
sent was obtained from 93 adult patients (ASA I 
and II), undergoing elective minor lower limb 
procedures (n = 65), varicose vein surgery (n = 8) 
or inguinal hernia repair (n = 20). Surgery was 
performed using subarachnoid (22- or 25-gauge 
needle) or continuous extradural anaesthesia 
(Tuohy 18-gauge, catheter 20-gauge). The 
patients were allocated randomly to treatment 
group 1 (zolpidem), 2 (midazolam) or 3 (placebo). 
The three treatments were administered double- 
blind. Each patient received the same drug or the 
placebo twice: first, on the night before the 
operation, zolpidem 10 mg, midazolam 7.5 mg or 
placebo; second, in the anaesthetic room, zolpi- 
dem 20 mg or midazolam 15 mg, 1h before the 
spinal or extradural anaesthesia was performed. 


J. PRAPLAN~PAHUD, M.D.; A. FORSTER, M.D.; Z. GAMULIN, 
M.D.; E. TASSONYI, M.D.; Department of Anaesthesiology, 
University Hospital of Geneva, 1211 Genéve 4, Switzerland. 
J.-P. SAUVANET, MD., LERS Synthelabo, Paris, France 
Accepted for Publication: January 2, 1990. 

Correspondence to J. P.-P. 


SEDATION WITH ZOLPIDEM AND PLACEBO 


Efficacy of the drugs was evaluated by the same 
observer using the following criteria: 


Quality of sleep during the night preceding the 
operation was assessed by asking the patients: the 
duration of sleep; the number of times they 
awoke; the manner of wakening (spontaneous or 
not); a subjective evaluation of the quality of 
sleep. 


Chimcal assessment of premedication. Sedation, 
scored: ] = lack of sedation, patient restless; 2 = 
patient awake and calm; 3 = patient asleep, not 
responding to verbal stimulation but responding 
to tactile stimulation; 4= patient asleep, not 
responding to verbal or to physical stimulation. 
Changes in mood were assessed by the patient, with 
a modified Clyde mood scale [9], which evaluates 
changes in mood, concentration, alertness, ag- 
gression and psychological tension [10]. Retro- 
grade amnesia was assessed by asking the patient 
to recall, on the day of surgery after the first 
administration of the drugs, a number and a 
playing card, shown during the preanaesthetic 
visit. Anterograde amnesia was evaluated with the 
same method, asking the patient after the second 
administration of the drugs, to recall the two 
items | min after their presentation. Amnesia was 
considered complete if the patient did not re- 
member either of the two items, partial if he 
recalled one of them and absent if he remembered 
both. On the evening after operation, anterograde 
amnesia was evaluated in a different manner, by 
asking the patient if he recalled the administration 
of anaesthesia, transfers to the operating room, to 
the recovery room and to the hospital ward. 
Amnesia was considered present if the patient did 
not remember any of these events. Arterial 
pressure was measured with automated oscillo- 
tonometry (Dinamap) and ventilatory and cardiac 
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frequencies clinically. Side effects, additional 
analgesia or anxiolytic medication required during 
the operation were noted also. 

All variables were assessed during the pre- 
anaesthetic visit on the day before surgery, on 
arrival in the anaesthetic room before admin- 
istration of drugs, every 15 min up to 1h after 
their administration and in the immediate post- 
operative period. In addition, subjective evalu- 
ation of the efficacy of the drugs was scored 
separately by the patient and the anaesthetist on 
the evening of surgery as follows: 1 = poor, 2 = 
fair, 3 = good. 

Patients who received additional anxiolytic or 
analgesic medication during the surgical pro- 
cedure were excluded from the postoperative 
assessments. 

Statistical analysis of qualitative variables was 
performed with a Cochran—Mantel Haenszel test. 
Quantitative data were subjected to analysis of 
variance and the different treatments were com- 
pared with a Bonferroni’s test. P<0.05 was 
considered significant. All data are expressed as 
mean (SEM) or median score values. 


RESULTS 


There were no significant differences in demo- 
graphic data, ASA class, or duration of anaesthesia 
and surgery between the groups (table I). 

No difference was noted on the night before 
surgery between the hypnotic effects of zolpidem, 
midazolam and placebo; the onset of sleep was 
comparable in the three groups, as were the 
frequency of awakening, the patients’ subjective 
evaluation of the quality of sleep and the manner 
of awakening (table IT). 

No statistical difference was observed in sed- 
ation scores between the three groups, on the day 
before surgery, during the preoperative visit and 


TABLE I. Demographic data, anaesthetic risk, duration of anaesthesia and surgery in the three groups 


(mean (SEM)) 
ASA Duration Duration 
Sex Age Weight Height class of anaesth. of surgery 
Group (M/F) (yr) (kg) (cm) (1/17) (min) (min) 
Placebo 22/9 39 (3) 72 (2) 172 (1) 24/7 154 (14) 81 (10) 
(n = 31) 
Midazolam 20/10 46 (2) 69 (3) 169 (2) 19/11 175 (10) 83 (7) 
(n = 30) 
Zolpidem 22/10 42 (2) 73 (2) 171 (1) 21/11 177 (10) 85 (7) 


(n = 32) 


672 


BRITISH JOURNAL OF ANAESTHESIA 


TABLE II. Chmcal evaluation by patients of the quality of sleep induced by the three different pre- 
medicants admimstered on the evening before surgery 


Percentage of patients in group 


Placebo Midazolam Zolpidem 


Onset of sleep 
< 15 min 
< 30 min 
< 60 min 
> 60 min 
Frequency of awakening 
None or once 
> once 
Manner of wakening ın the morning 
Spontaneous 
Not spontaneous 
Patient’s subjective evaluation 
Very good or good 
Fair or bad 


40.0 26.7 38.7 
26.6 53.3 22.5 

3.3 10.0 25.8 
30.0 10.0 12.9 
51.7 76.7 65.6 
48.3 23.3 34.4 
66.7 73.3 75.0 
33.3 26.7 25.0 
71.0 90.0 75.0 
29.0 10.0 25.0 





TABLE III. Sedation scores before and after drug administration (median (range)). 1 = Lack of sedation, 
restless patient; 2 = awake calm patient; 3 = asleep, not responding to verbal stimulation; 4 = asleep, 
not responding to physical stimulation. * Significantly different from placebo (P < 0.05) 


Time after premedication (min) 





Preanaesth. After 
Group visit 0 30 45 60 op. 
Placebo 2 2 2 2 2 2 
(n = 31) (1-2) (1-2) (2-3) (2-3) (2-3) (2-3) (1-2) 
Midazolam 2 2 2 2 2.5* 3* 2 
(n = 30) (1-2) (1-2) (2-3) (2-4) (2-4) (2-4) (2-3) 
Zolpidem 2 2 2 2 3s a= 2 
(n = 32) (1~2) (1-2) (1-3) (1-4) (2-4) (2-4) (1-3) 





before the administration of the drugs. Forty-five 
minutes after administration, zolpidem and mida- 
zolam were significantly more sedative than 
placebo, but no difference was noted between the 
drugs (table III). In the immediate postoperative 
period (140 min after drug administration) the 
three groups were comparable, more than 90 % of 
the patients being considered ‘‘calm and awake” 
(score = 2). 

No retrograde amnesia was observed in any 
patient. Figure 1 illustrates the results for antero- 
grade amnesia. Fifteen minutes after adminis- 
tration of the drugs, the three groups were 
comparable. Thirty minutes after administration 
of zolpidem, partial or total anterograde amnesia 
was found in significantly more patients compared 
with the midazolam and placebo groups. At 
45 min, partial or total anterograde amnesia was 
found in 50% of the zolpidem and midazolam 
patients, but in only 7% of the placebo group (P 
= 0.002). At 60 min, 40% of the patients in the 


zolpidem group and 38% of the patients in the 
midazolam group still had partial or total antero- 
grade amnesia, compared with 6% in the placebo 
group (P = 0.005). The incidence of partial or 
total anterograde amnesia produced by the two 
drugs and the placebo was similar in the im- 
mediate postoperative period. On the evening 
after operation, 71% of the patients in the 
midazolam group, 80% of the patients in the 
zolpidem group and 100% in the placebo group 
recalled administration of anaesthesia. 

All patients remembered being transferred to 
the operating room, to the recovery room and to 
the hospital ward. 

Most of the items on the Clyde mood scale 
(aggression, well being and psychological tension) 
were not modified and were comparable in the 
three groups, during the whole investigation. 
However, 60 min after administration of zol- 
pidem, alertness and concentration were reduced 
significantly compared with midazolam and pla- 
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cebo, but were comparable in the three groups on 
the day preceding operation and on the day of 
surgery before the drugs were administered (table 
IV). In the immediate postoperative period 
(140 min after drug administration), alertness and 
concentration scores returned to baseline values 
and were comparable in the three groups. Heart 
rate, mean arterial pressure and ventilatory fre- 
quency remained unchanged throughout the 
study period. 

A similar number of patients (20 % in the active 
groups and 30% in the placebo group), required 
additional anxiolytic or analgesic medication dur- 
ing the surgical procedure, and were excluded 
from postoperative assessment. 

The incidence of the side effects was com- 
parable in the three groups. Confusional be- 
haviour was observed in two patients in the 
zolpidem group, euphoria in one patient and 
conjunctival injection in the other. In the midaz- 
olam group, dysarthria was noted in one patient 
and conjunctival injection in another. In the 
placebo group, one patient complained of a 
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Fic. 1. Percentage of patients with anterograde amnesia after 
administration of zolpidem (W), midazolam (Ø) or placebo 
(C). * Significantly different from placebo (P < 0.05). 
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cutaneous flush, a second showed confusional 
behaviour and a third moderate hypotension and 
bradycardia. All side effects were of minor 
importance and did not last more than 2h after 
administration of the drugs. 

The quality of premedication was better with 
the two active drugs, as it was qualified “good” 
by 60% of the patients in the zolpidem group, 
79% in the midazolam group and 38% in the 
placebo group (P = 0.01). The anaesthetist con- 
sidered premedication excellent in 52% of the 
patients with zolpidem, in 67% with midazolam 
but in only 24% with placebo (P = 0.005). 


DISCUSSION 


The purpose of the study was to compare the 
sedative, anxiolytic and amnesic effects of oral 
zolpidem and midazolam in a controlled, double- 
blind manner. Our results indicated that both 
zolpidem and midazolam induced comparable 
preoperative sedation and anterograde amnesia, 
while psychological tension was improved signifi- 
cantly after zolpidem when compared with mid- 
azolam. 

When compared with placebo, zolpidem and 
midazolam produced significant and comparable 
sedation 45 min after administration, confirming 
their rapid onset of action. Patient co-operation 
was not impaired by any of the drugs. After 
operation, 140 min after administration of the 
drugs, mean sedation scores in all groups returned 
to baseline values, confirming their short duration 
of action. However, a previous study using the 
same doses [11] found a residual sedative effect 
for up to 240 min after drug administration. This 
difference may be explained by the fact that all the 
patients in our study were evaluated after regional 
anaesthesia, while general anaesthesia was used in 
the other study. 

Anxiolysis is a subjective phenomenon which is 


TABLE IV. Alertness and concentration scores before and 60 min after drug administranon (Clyde Mood 
i Scale) (mean (SEM)). * Significantly different from placebo (P < 0.05). Maxtmum score = 16 


Concentration Alertness 
Group Before After Before After 
Placebo 14.3 (0.5) 13.9 (0.6) 10.6 (0.4) 9.8 (0.6) 
ae 15.0 (0.3) 13.4 (0.5) 10.7 (0.4) 8.9 (0.6) 
page 14.8 (0.3) 12.2 (0.5)* 10.8 (0.4) 8.1 (0.6)* 


(n = 32) 
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difficult to define and evaluate. Patient rather than 
observer assessment was thought to be a more 
valid indicator of anxiolysis, as it reduces observer 
error in distinguishing between drowsiness and 
anxiolysis. The Clyde mood scale was chosen to 
provide a more precise evaluation of psychological 
tension. The degree of psychological tension was 
comparable between the groups on the night 
preceding the operation and before receiving 
premedicant drugs on the day of surgery. This 
suggests that the more extensive preoperative 
explanation given to the patient because of the 
design of the study may have contributed to the 
decreased anxiety. However, the patient’s con- 
centration and alertness were reduced 60 min 
after administration of zolpidem, suggesting that 
it was more effective than midazolam and placebo 
in decreasing psychological tension, even though 
the patient’s anxiety level was low. 

Animal studies have suggested that zolpidem 
does not affect memory [8], although a study in 
man reported that zolpidem produced anterograde 
amnesia in a dose-related fashion [11]. These 
findings are confirmed by our data, as zolpidem 
20 mg produced a duration of anterograde amnesia 
similar to that obtained with midazolam 15 mg 
[12], but with a significantly shorter onset time. 
The main aim of premedication for regional 
anaesthesia is to relieve patient anxiety while 
maintaining co-operation. The preanaesthetic 
visit alone is effective in reducing patient ap- 
prehension [13], but this may not remove the need 
for medication. Our results demonstrated that, 
after a preansesthetic visit where a good re- 
lationship was established between the patient 
and the physician, placebo was as effective as 
zolpidem 10mg and midazolam 7.5mg in 
decreasing anxiety the night before surgery. 

In a previous study [7], there were no residual 
effects 9 h after administration of zolpidem 10, 20 
and 30 mg, assessed by digit-symbol substitution 
and a complex reaction time task. Our study 
confirmed these findings, as all the variables 
assessed returned to baseline values on the 
evening following administration of the drug. 

No significant side effects were seen after 
zolpidem or midazolam. However, paradoxical 
reactions have been described occasionally fol- 
lowing administration of benzodiazepines [14]. 
None occurred in our study after administration 
of either active compound, but the number of 
patients was too small to draw any definite 
conclusion. 
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In conclusion, zolpidem is a new hypnotic 
agent with a rapid onset and a short duration of 
action which may be an alternative premedicant to 
midazolam for regional anaesthesia, when sed- 
ation, anxiolysis and anterograde amnesia are 
desired. 
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PSYCHOMOTOR RECOVERY AFTER THREE METHODS OF 
SEDATION DURING SPINAL ANAESTHESIA 


I. G. KESTIN, P. B. HARVEY AND C. NIXON 


SUMMARY 


In a double-blinded study, we have investigated 
psychomotor recovery after three sedation 
schemes during spinal anaesthesia for 
transurethral resection of prostate. Thirty-nine 
patients were allocated randomly to receive i.v. 
midazolam only, iv. midazolam with antagonism 
by flumazenil or an infusion of propofol. The 
psychomotor tests were of long and short term 
memory, critical flicker fusion threshold, atten- 
tion and concentration, cognition, mental 
arithmetic, and sedation and anxiety levels, and 
were performed before operation and at 30 min, 
60 min, 2 h and 24 h after operation. Free recall 
of a picture learning task was the most sensitive 
test, showing a significant impairment in all 
groups, persisting for more than 2h. Propofol 
was associated with the most rapid recovery and 
least impairment compared with preoperative 
baseline. Performance improved in all the tests 
after antagonism with ftlumazenil, but was still 
significantly impaired compared with baseline 
in tests of picture recall and letter deletion. 
Significant decreases in performance in all tests 
were detected 1 h after flumazenil. No increase 
in anxiety was recorded after flumazenil. We 
conclude that infusion of propofol is the tech- 
nique with the most rapid recovery, while only 
brief and incomplete antagonism of the effects of 
midazolam may be expected with flumazenil. 


KEY WORDS 


Recovery. psychomotor function Sedation: midazolam, 
propofol, tHlumazenil. 


Some of the advantages of regional anaesthesia in 
the elderly include diminution in postoperative 
confusion and mental deterioration [1,2]. An 
additional advantage of regional anaesthesia for 
transurethral resection of prostate (TURP) is that 


mental confusion is one of the signs of TURP 
syndrome, and this sign is masked by general 
anaesthesia. The advantages of regional anaes- 
thesia may be lost if the patient remains heavily 
sedated at the end of a procedure, and it has been 
suggested also that heavy sedation may have been 
associated with cardiac arrest during spinal anaes- 
thesia [3]. It is possible that propofol or 
midazolam with flumazenil might provide peri- 
operative sedation, but with rapid postoperative 
psychomotor recovery. We have therefore com- 
pared psychomotor recovery after three sedation 
schemes: midazolam alone, midazolam with flu- 
mazenil at the end of surgery, and an infusion of 
propofol. 


PATIENTS AND METHODS 


After District Ethics Committee approval and 
informed patient consent, we studied 39 patients 
undergoing TURP under spinal anaesthesia using 
a randomized, double-blind method. Patient 
exclusions included those with CNS disorders or 
concurrent benzodiazepine therapy. The 
psychomotor tests were administered to the 
patients in the same order by the same investigator 
on the day before surgery and at 30 min, 60 min, 
2h and 24h after operation. 

Memory. One minute to memorize a card 
showing pictures of nine familiar objects. 

Critical flicker fusion threshold (CFFT). This 
was measured three times with ascending fre- 
quency and three times in descending frequency 
and the mean of the six readings taken as the 
CFFT. 


I. G. Kestrn*, F.F.A.R.C.S.; P. B. HARVEY, F.F.A.R.C.8., C. 
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Serial 7s. Reverse counting aloud from 100 to 
44 in steps of 7. The time taken and number of 
errors were scored. 

Letter deletion. One minute to delete as many of 
the letters p and b as possible. Correct deletions 
and the errors (incorrect deletions or omissions) 
were scored. 

Forward and backward digit span. 

Reverse counting. The number of errors and 
time taken to write all the numbers from 1000 
down to 976. 

Backward spelling of a common five-letter word. 

Patients then performed a simple unscored task 
so that the interval between Memory and Picture 
recall was always 15 min. 

Picture recall. The patient was asked to recall 
the objects memorized in the first test (1 min 
allowed), and the number recalled was taken as 
the free recall score. Verbal clues were given for 
the remaining objects, and any additional objects 
remembered were noted as the verbal cued recall 
score. Then the patient was given another picture 
card showing 20 objects, including the nine 
original objects, and asked to point out those that 
had appeared on the original card. The total 
number recognized was taken as the visual 
recognition score (the patient was told that in- 
correct identifications were subtracted from the 
score, to discourage guessing). There were five 
different cards used for the picture recall test, 
together with a corresponding pair for the visual 
recognition test. No object on any of the cards 
appeared in more than one test sequence. 

Before the patient performed the postoperative 
test, two 10-cm visual analogue scales (VAS) were 
used to measure the patient’s own subjective 
assessment of sedation and anxiety. One end of 
the sedation scale was randomly labelled 
“asleep”, and the other “mentally fully alert”, 
and the distance from the alert end was measured 
as the sedation score. One end of the anxiety scale 
was labelled “worst anxiety possible”, the other 
“completely calm” and the central 1-cm area was 
shaded and labelled “‘usual’’; the distance from 
the calm end was taken as the anxiety score. 


Anaesthetic management 


No premedication was used and the patients 
were allocated randomly to one of three groups: 
group MS—1i.v. midazolam only; group MF—i.v. 
midazolam followed by antagonism with 
flumazenil; group P—i.v. propofol. 

In groups MS and ME, increments of 
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midazolam 1 mg were given i.v. until the patient 
reached sedation level 3, and further midazolam 
was given i.v. to maintain this level of sedation 
during surgery. The anaesthetist was unaware of 
the group to which the patient belonged. 

In group P, propofol was given using a loading 
dose and three-stage infusion scheme. The 
suggested dose in the study programme was: 
loading dose of 0.5mgkg™ over 208, followed 
immediately by an infusion of 5 mg kg 'h7?! for 
10 min, 4 mg kg h` for 10 min and 3 mg kg™ 
h~? thereafter. The anaesthetist was free to choose 
a multiple of this whole scheme on clinical 
grounds, and could vary the maintenance infusion 
rate to maintain the patient at sedation level 3. 

In all three groups, 0.5% bupivacaine in 8% 
glucose was used for the spinal block and the 
patient breathed 40% oxygen during surgery. 

The following sedation scale was used: 1 = 
fully alert and orientated; 2 = drowsy; 3 = eyes 
closed, rousable to command; 4 = eyes closed, 
rousable with mild physical stimuli, for example 
earlobe tug; 5 = asleep, unrousable with mild 
physical stimuli. The sedation level was recorded 
every 5 min during surgery. 

In the Recovery Unit, the first psychomotor 
tests were administered 30 min after the end of 
surgery. At 50 min after surgery, 5 ml of either 
flumazenil 500 ug (group MF) or saline (groups 
MS and P) was given in a double-blinded method: 
2 ml initially, followed at 1-min intervals by 1-ml 
increments. The psychomotor tests were repeated 
at 60 min, 2h and 24h after surgery. 


Data analysts 


The continuously variable data were analysed 
for normality by the Schapiro—Wilk test. Skewed 
data were transformed logarithmically and tested 
for normality. These data subsets were analysed 
by ANOVA for repeated measures, with pairwise 
comparisons made using the Fisher protected 
least significant difference method. Ordinal data 
were analysed by the Kruskal-Wallis test, with 
pairwise comparisons made using the method 
suggested by Conover [4]. The overall statistical 
significance level was 5%. 


RESULTS 


There were 13 patients in each group, and no 
significant differences between the groups (table 
I). In the propofol group, the mean initial loading 
dose was 0.54mgkg™! (range 0.5-0.7 mg kg“), 
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TABLE I. Patient and anaesthetic data (mean (SD)) 


Duration Midazolam 


Age Weight of sedation dose 
Group (yr) (kg) (min) (mg kg?) 
MS (n = 13) 68(7) 720) 46 (12) 0.08 (0.02) 
ME (n = 13) 73(5) NM 45 (11) 0 07 (0.03) 
P (n = 13) 7m0 7110) 40 (12) = 








paoe 30 min 60 min 2h 24h 
Time after op. 


Fic. 1. Serial 7s test (mean, SEM) in the midazolam-saline (MS) (A), midazolam—flumazenil (MF) (I) 
and propofol (P) (x) groups. P < 0.05 compared with: * group P; §group MS; + preoperative baseline. 
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Fic. 2. Critical flicker fusion threshold (CFFT) (mean, sEM) in the midazolam—saline (MS) (A); 
midazolam—flumazenil (MF) (W) and propofol (P) (x) groups. P < 0.05 compared with: * group P; 
§group MS; t preoperative baseline. 


followed by the two short-duration infusions with was 3.7mgkg™ h~ (95% confidence limits 
the appropriate doses. All patients achieved 3.1-3.9mgkg™'h™’). Three patients received ad- 
sedation level 2 or 3 within 5 min, and the mean ditional i.v. boluses of propofol 20-40 mg to 
rate of the maintenance infusion of propofol achieve a brief increase in sedation level. There 
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60 min 2h 24h 


Time after op. 


Fig. 3. Reverse counting test (mean, SEM) in the midazolam—saline (MS) (A), midazolam-flumazenil 
(MF) (W) and propofol (P) (x) groups P < 0.05 compared with: * group P; f preoperative baseline. 
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TABLE II. Postoperative anxiety scores (mean (SD)) 
Postoperative anxiety scores (cm) 
Group 30 min 60 min 2h 24h 
MS 6.1 (1.2) 6.2 (0.7) 5 7 (0.8) 5.2 (0.5) 
MF 5.8 (1.2) 6.3 (1.1) 5.9 (0.9) 5.5 (0.5) 
P 6.5 (1.1) 5.9(1 0) 5.6 (0.7) 5 1 (0,4) 
TABLE III. Postoperatroe sedation scores (mean (95% 


confidence linnts)). P < 0.05 compared with: * group P; § group 
MS); + 30-min score 


Postoperative sedation score (cm) 


Group 30 min 60 min 2h 24h 
MS 7.3* 6.4* 3.8 0.9 
(6.5-8.0) (5.7-7 0) (2.6—4.6) (0 5-1 2) 
MF 75* 4.0§ F 39 07 
(6 7-8.2) (3.5-4 4) (3.2—4 5) (0.5-1.1) 
P 5.1 37 2.6 0.7 
(4.1-5.9) (2.5-4.6) (1.9-3.1) (0.3-1.1) 


were no significant differences between groups in 
duration or depth of sedation. 

Four patients received i.m. pethidine for 
postoperative analgesia within the first 24 h, and 
were excluded from the 24-h psychomotor 
testing. There were no significant differences 
between the three groups in baseline preoperative 
performance in any of the tests. 

The results of the psychomotor tests are shown 


Tasi IV. Free recall: number of objects recalled (median 
(range)). P < 0.05 compared with: *group P; §group MS; 


+ preoperative baseline 
Postoperative score 
Preoperative 

Group baseline 30min 60min 2h 24h 
MS 6 1t* it* 7 ag 4t 

(4-8) (0-4) (0-4 (1-4) (3—6) 
MF 6 ot* 34$ 2t* 5+ 

(3-9) (0-3) (0-5) (1-3) (3-6) 
P 5 3F 4t 4+ 5 

(4-9) (let) 0-5) 2-5 (4-7 


in figures 1-3 and tables II-V. There were no 
significant changes between any of the groups or 
from baseline performance within each group in 
the following tests: verbal cued recall, visual 
recognition recall, forward digit span or error rate 
in serial 7s and reverse counting. 


30 min after anaesthesia 


There were no significant differences between 
groups MS and MF and both groups were 
significantly different from group P and their own 
baseline performance in the following tests: free 
recall, CFFT, serial 7s, letter deletion, reverse 
counting, and backward spelling. There was a 
significant difference from baseline performance 
in groups MS and MF in reverse digit span. The 
VAS score for sedation—arousal in these groups 
was significantly different from group P, in which 
free recall, CFFT and serial 7s tests were 
significantly different from their own baseline. 


PSYCHOMOTOR RECOVERY 


679 


TABLE V. Letter deletion test: number of letters deleted (median (range)). tP < 0.05 compared oth 
preoperative baseline 





Preoperative 
Group baseline 
MS 26 12+ 
(17-39) (7-24) 
MF 24 16.5¢ 
(13~38) (4-31) 
P 21.5 19 
(11-35) (7-33) 


30 min 60 min 


Postoperative scores 


2h 


15+ 19+ 26.5 
(4-28) (9—42) (7-38) 
15+ 18 31.5 
(8-34) (8-30) (17-45) 
17 19 24 
(9-31) (8-39) (17-43) 





60 min after anaesthesia 


After administration of flumazenil, perform- 
ance was improved significantly in group MF 
compared with group MS in tests of free recall, 
CFFT, serial 7s, backward spelling, backward 
digit span and the sedation score, but was 
significantly below baseline in free recall and 
letter deletion (tables IV, V). 

There were no significant differences between 
groups MF and P, or between group P and their 
baseline performance except for free recall. 
Flumazenil was associated with a decrease in 
sedation, but no increase in anxiety (tables II, 
IID). 


2 h after anaesthesia 


There were no significant differences between 
groups MS and MF, and both groups were 
significantly inferior to group P and their own 
baseline performance in the following tests: free 
recall, CFFT and serial 7s. 


24 h after anaesthesia 


There were no differences between the three 
groups or from their own baseline performance in 
any of the tests except for free recall, where 
groups MS and MF were below baseline per- 
formance. 


DISCUSSION 


The psychomotor tests used in this study tested 
the patients for memory, both “long term” 
(picture recall) and ‘‘short term” (digit span), 
attention and concentration (serial 7s, reverse 
counting and spelling), central integration 
(CFFT), cognition (mental arithmetic, backward 
digit span and backward spelling), and subjective 
assessment of sedation and anxiety. 

The obvious effect of sedation with midazolam 


was profound memory deficit for free recall at the 
picture learning task, while performance of the 
visual recognition test was unimpaired. This 
difference between performance in tests of free 
recall compared with visual recognition recall] has 
been shown to be associated with low levels of 
sedation with benzodiazepines [5]. In that study 
[5], free recall was impaired initially, with relative 
preservation of recognition recall, and as the dose 
of benzodiazepine was increased, recognition 
recall was affected progressively. 

Both our study and that of Sage, Close and Boas 
[5] would suggest, therefore, that the memory 
deficit with low doses of benzodiazepines involves 
access to memory trace, rather than formation (as 
memory is available for recognition but not for 
free recall). Other workers have suggested other- 
wise: that benzodiazepines affect principally con- 
solidation and storage memory processes, rather 
than access [6, 7]. Using an auditory learning task, 
Clarke and colleagues [7] found that both free 
recall and verbal recognition were affected by 
benzodiazepines, and concluded that the memory 
deficit was in the consolidation process. However, 
as shown by Sage’s group, this pattern is charac- 
teristic of larger doses of benzodiazepines. Clarke 
and colleagues found also that visual recognition 
was not affected by benzodiazepines, which would 
support the hypothesis that the memory deficit 
involves access, rather than formation (at least for 
visual material). 

Forward digit span was found to be unaffected 
by sedation with midazolam, whereas there was 
significant impairment at 30 min in the test of 
backward digit span in the midazolam groups. 
Other studies have shown that short term memory 
is not affected by benzodiazepines [6]. Backward 
digit span, therefore, must involve additional 
cognitive mechanisms sensitive to midazolam, in 
addition to short term memory, which is not 
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affected by midazolam. This has been found also 
by Adam [8]. Backward spelling probably tests 
the same mechanisms as backward digit span, and 
both tests in this study showed a similar pattern of 
results. 

Flumazenil was found to antagonize only par- 
tially most of the psychomotor effects of 
midazolam. Performance after flumazenil had 
been given did not consistently achieve 
preoperative levels. Some studies in volunteers 
have shown full antagonism of the cognitive and 
amnesic effects of midazolam with large doses of 
flumazenil—either 200mg orally [6,9] or 
10mg iv. [10]. AU clinical studies have 
documented excellent antagonism of sedation 
after larger doses of benzodiazepines than used in 
this study [5, 11]. Flumazenil was associated with 
greater alertness, but no increase in anxiety ; some 
studies have reported increases in anxiety after 
large doses of flumazenil [12, 13]. The duration of 
the flumazenil antagonism was brief: 1h after 
flumazenil, patients were indistinguishable from 
the group who received midazolam alone, and 
were below baseline performance in several tests. 
Resedation has been reported also in other studies 
[5, 6, 14, 15]. The implications of these results are 
that only brief and incomplete antagonism of the 
amnesic and cognitive effects of midazolam may 
be expected from i.v. flumazenil. Oral flumazenil 
has been shown to have a longer duration of 
action, but there was still evidence of resedation at 
6h [6]. This is likely to limit its routine use in 
clinical anaesthesia. 

Even though the doses of midazolam used in 
this study were relatively low (mean 0.075 mg 
kg), diminished cognition, memory attention and 
concentration and central integration persisted for 
more than 2h in the midazolam group. Sedation 
with an infusion of propofol was found to be 
associated with the most rapid psychomotor 
recovery. The propofol scheme used in this study 
was derived from the study by Roberts and 
colleagues [16], who reported a regimen designed 
to achieve and maintain a blood concentration of 
3 ug ml within 2 min. This concentration is 
sufficient for surgical anaesthesia; as the phar- 
macokinetics of propofol are linear [17], mul- 
tiples of this regimen should alter blood con- 
centration accordingly. The concentration that 
produces sedation rather than anaesthesia is not 
known, so it was chosen initially in this study to 
use 50% of the dose regimen used by Roberts 
[16], giving an estimated blood concentration of 
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1.5 ug ml, The advantage of using this loading 
dose and three-stage infusion technique 1s that all 
the patients were sedated within 5 min. Another 
study of an infusion of propofol for sedation used 
a two-stage infusion technique without a loading 
dose, and the patients required 26 min to achieve 
the maintenance sedation level [18]. 

We conclude that an infusion of propofol is 
the technique with the most rapid recovery after 
sedation during spinal anaesthesia. The cognitive 
and amnesic effects of low dose midazolam 
sedation may persist for more than 2h after 
operation, and flumazenil may antagonize only 
briefly and incompletely these effects of 
midazolam. 


REFERENCES 


1. Chung F, Meier R, Lautenschlager E, Carmichael FJ, 
Chung A. General or spinal anesthesia: which 18 better in 
the elderly? Anesthesiology 1987; 67: 422-427. 

2. Hole A, Terjesen T, Breivik H. Epidural versus general 
anaesthesia for total hip arthroplasty in elderly patients. 
Acta Anaesthestologica Scandinavica 1980; 24: 279-287, 

3. Caplan RA, Ward RJ, Posner K, Cheney FW. Unexpected 
cardiac arrest during spinal anesthesia: a closed claims 
analysis of predisposing factors. Anesthesiology 1988; 68: 
5-11. 

4. Conover WJ. Practical Nonparametric Statistics. New 
York: John Wiley and Sons, 1980; 230-231. 

5. Sage DJ, Close A, Boas RA. Reversal of midazolam 
sedation with Anexate. Brinsh Journal of Anaesthesia 
1987; 59: 459—464. 

6, O’Boyle C, Lambe R, Darragh A, Taffe W, Brick I, 
Kenny M. Ro 15-1788 antagonizes the effects of diazepam 
in man without affecting its bioavailability. British Fournal 
of Anaesthesta 1983; 55: 349-355. 

7. Clarke RPF, Eccersley PS, Frisby JP, Thornton JA. The 
amnesic effects of diazepam (Valium). Brinsh Journal of 
Anaesthesia 1970; 42: 690-697. 

8. Adam N. Disruption of memory functions associated with 
general anesthetics. In: Kilstrom JF, Evans FJ, eds. 
Functional Disorders of Memory. Hillsdale, New Jersey: 
Lawrence Erlbaum Association, 1979; 227. 

9. Darragh A, Lambe R, Scully M, Brick I, O’Boyle C, 
Wilson Downie W., Investigation in man of the efficacy of 
a benzodiazepine antagonist, Ro 15-1788. Lancet 1981; 2: 
8—10. 

10. Lauven PM, Schwilden H, Stoeckel H, Greenblatt DJ. 
The effects of a benzodiazepine antagonist Ro 15-1788 in 
the presence of stable concentrations of midazolarn. 
Anesthesiology 1985; 63: 61-64., 

11. Kirkegaard L, Knudsen L, Jensen S, Kruse A. 
Benzodiazepine antagonist Ro 15-1788. Antagonism of 
diazepam sedation in outpatients undergoing gastroscopy. 
Anaesthesia 1986; 41: 1184—1188. 

12. Louis M, Forster A, Suter PM, Gemperle M. Clinical and 
hemodynamic effects of a specific benzodiazepine ant- 
agonist (Ro 15-1788) after open heart surgery. 
Anesthesiology 1984; 61: A61. 

13. Ricou R, Forster A, Bruckner A, Chastonay P, Gemperle 
M. Clinical evaluation of a specific benzodiazepine 


PSYCHOMOTOR RECOVERY 


14. 


15. 


16. 


antagonist (Ro 15-1788). Studies in elderly patients after 
regional anaesthesia under benzodiazepine sedation. 
British Journal of Anaesthesia 1986; 58: 1005-1011. 
Klotz U, Kanto J. Pharmacokinetics and clinical use of 
FNY (Ro 15-1788). Clinical Pharmacokmetics 1988; 
i4: 1-12. 

Duvaldestein P, Lebrault C, Guirimand F, Raimbault E. 
Efficacy of flumazenil reversal after midazolam induced 
anesthesia. Anesthesiology 1988; 63: A560. 

Roberts FL, Dixon J, Lewis GTR, Tackley RM, Prys- 
Roberts C. Induction and maintenance of propofol 


17. 


18. 


681 


anaesthesia. A manual infusion scheme. Anaesthesia 1988; 
43 (Suppl.): 14-17. 

Spelina KR, Coates DP, Monk CR, Prys-Roberts C, 
Norley I, Turtle MJ. Dose requirements of propofol by 
infusion during nitrous oxide anaesthesia in man, I: 
Patients premedicated with morphine sulphate. British 
Journal of Anaesthesia 1986; 58: 1080-1084. 

Wilson E, Mackenzie N, Grant IS. A comparison of 
propofol and midazolam by infusion to provide sedation in 
patients who receive spinal anaesthesia. Anaesthesia 1988; 
43 (Suppl.): 91-94. 


British Fournal of Anaesthesta 1990; 64: 682-687 


EFFECTS OF I.V. LIGNOCAINE ON AIRWAY REFLEXES 
ELICITED BY IRRITATION OF THE TRACHEAL MUCOSA 
IN HUMANS ANAESTHETIZED WITH ENFLURANE 


T. NISHINO, K. HIRAGA AND K. SUGIMORI 


SUMMARY 


We have investigated the effects of bolus 
administration of lignocaine 1.5 mg kg i.v. on 
respiratory responses to airway irritation induced 
by instillation of distilled water into the trachea in 
70 patients anaesthetized with enflurane (1.5% 
end-tidal). Before administration of lignocaine, 
airway irritation elicited not only the cough 
reflex, but also other respiratory reflexes such as 
expiration, apnoea and spasmodic panting. Im- 
mediately after administration of i.v. lignocaine, 
when plasma concentrations of lignocaine 
exceeded 4.7 ug mi', tracheal irritation elicited 
only brief apnoea. Other reflex responses were 
suppressed completely ; they recovered gradually 
with progressive decrease in plasma concen- 
tration of lignocaine. The apnoeic reflex was not 
eliminated at plasma lignocaine concentrations 
greater than 7.0 ug ml", whereas the expiration 
reflex, cough reflex and spasmodic panting were 
eliminated effectively by plasma concentrations 
of lignocaine greater than 3.5, 2.8 and 
2.2 ug mF’, respectively. 


KEY WORDS 


Airway : tracheal reflexes. Anaesthesia. general Anaesthetics 
local: lignocaine. Anaesthetics volatile: enflurane 


It is accepted generally that anaesthesia 
suppresses airway reflexes. We have shown pre- 
viously that tracheal stimulation causes several 
reflex responses in humans anaesthetized with 
enflurane, and that the character of these 
responses is dependent on depth of anaesthesia 
[1]. I.v. administration of local anaesthetics such 
as lignocaine has been shown also to suppress 
both mechanically- and chemically-induced air- 
way reflexes [2—6]. However, little qualitative or 


quantitative information is available on 
suppression of airway reflexes produced by i.v. 
local anaesthetics. The purpose of the present 
study was to characterize respiratory response to 
tracheal irritation following administration of i.v. 
lignocaine and to assess if suppression of reflex 
responses is related to plasma concentrations of 
lignocaine. 
PATIENTS AND METHODS 


The studies were performed on 10 female patients 
(ages 40—46 yr, mean (sD) height and weight 157.0 
(2.8)cem and 54.6 (3.5)kg, respectively) 
undergoing elective radical mastectomy. None 
had clinical evidence of respiratory, cardiovascu- 
lar or neuromuscular disorders. The study was 
approved by the Ethics Committee of our 
institution, and each patient gave informed con- 
sent. 

All patients received atropine 0.5 mg and hy- 
droxyzine 50mgi.m. 1h before induction of 
anaesthesia with thiamylal 4-5 mg kg followed 
by suxamethonium 1 mg kg™!. The trachea was 
intubated using a cuffed tracheal tube with a fine, 
movable balloon catheter, through the anterior 
internal wall (Uni-vent tube, 8 mm i.d.) [7]. An- 
aesthesia was maintained with 66% nitrous oxide 
and 2-3 % enflurane in oxygen. Immediately after 
completion of surgery (which lasted for 3-4h 
with a total blood loss of 100-200 ml), anaesthesia 


was maintained with enflurane in oxygen, and 


spontaneous ventilation was allowed to resume. 
After the return of spontaneous ventilation, the 

tracheal tube was connected to an anaesthetic 

circuit to facilitate measurement of respiratory 
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variables. Details of the apparatus used have been 
described elsewhere [1]; to summarize, airflow 
(V) was measured using a Fleisch pneumo- 
tachograph (No. 2) and tidal volume (VT) was 
obtained by electrical integration of the inspired 


flow. Tracheal pressure (Ptr) was measured with . 


a pressure transducer (DDL-0.05, Toyo, 
Baldwin). End-tidal carbon dioxide partial 
pressure (PE'co,) and end-tidal enflurane concen- 
tration were monitored continuously with a 
Normocap infra-red carbon dioxide analyser 
(Datex) and a Normac anaesthetic monitor 
(Datex), respectively. All ventilatory signals were 
recorded on a Nihon Kohden eight~channel 
recorder (RJG-4128). Minute ventilation (V1) 
was obtained by multiplying VT and ventilatory 
frequency (f). 

The study was started at least 20 min after 
discontinuation of nitrous oxide while all 
ventilatory variables were stable and a constant 
end-tidal enflurane concentration (1.5%) was 
maintained in each patient. Nitrous oxide was 
discontinued to avoid potential hypoxia during 
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prolonged interruption of normal breathing after 
tracheal irritation. In order to elicit airway 
reflexes, distilled water 0.5ml was injected 
through a movable catheter with a tip located 
1-2 cm above the carina. Injections of distilled 
water were repeated three times at intervals of 
3 min. Injections were repeated also 2, 5, 8, 11 
and 15min after bolus administration of 
lignocaine 1.5 mgkg™ i.v. and the responses 
compared with those to injection of water before 
administration of i.v. lignocaine (controls). In 
each patient, arterial blood samples were obtained 
via an indwelling arterial cannula immediately 
before each stimulation of the tracheal mucosa for 
measurement of plasma concentrations of 
lignocaine by enzyme-immunoassay [8]. 

Major reflex responses observed in this study 
were the expiration reflex, cough reflex, apnoea 
and spasmodic panting. The type and intensity of 
responses were not uniform in all patients. The 
expiration reflex was defined as an isolated 
forceful expiration without prior inspiration, and 
the cough reflex as a sudden, forceful expiration 
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Fic, 1. Prestimulation respiratory variables (mean, sp) before and after i.v. lignocaine. Vr = Tidal 
volume; f= ventilatory frequency; VI = minute ventilation; PE’co, = end-tidal Pco,. ** P < 0.01 
compared with control (C). 
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after inspiration. Apnoea was defined as an 
absence of inspiration for > 5s and spasmodic 
panting as a period of > 10s when ventilatory 
frequency was > 60 b.p.m. 

Statistical analysis was performed using 
ANOVA (two-way) followed by Tukey’s test, and 
Student’s ¢ test where appropriate. 


RESULTS 


Tracheal irritation before administration of 
lignocaine elicited a variety of respiratory reflex 
responses, causing irregular patterns of breathing, 
which subsided within 2 min. Responses to re- 
peated stimulation before lignocaine were almost 
identical in type, magnitude and duration of 
response. 

Mean (SD) respiratory variables before the 
challenge with water are shown in figure 1. 
Significant decreases in Vr and V1, and a 
significant increase in PE’oo, were observed 2 min 
after administration of lignocaine. Thereafter, 
both VT and PE’go, returned to the control values. 
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Figure 2 shows responses to tracheal irritation 
before and after lignocaine administration in a 
single patient. In this patient, responses before 
lignocaine (A) consisted of the expiration reflex, 
apnoea, spasmodic panting and cough reflex. The 
irregular pattern of ventilation following irritation 
of the tracheal mucosa lasted for 60 s, after which 
ventilation became regular. Two minutes after 
lignocaine (B), tracheal mucosal stimulation 
elicited a brief apnoea, while other types of reflex 
responses were suppressed completely. The 
suppressed reflex responses recovered partially 
8 min after lignocaine (C) and at 15 min (D); the 
responses were almost identical to those observed 
before suppression. 

Figure 3 shows the incidence of various types of 
respiratory reflex responses and the plasma 
concentrations of lignocaine after administration 
of lignocaine in all patients. The expiration reflex, 
cough reflex and spasmodic panting were 
inhibited completely 2 min after administration of 
lignocaine when plasma concentrations of 
lignocaine exceeded 4.7 ug ml-!. Thereafter, these 
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Fic. 2, Respiratory reflex responses before and after i.v. lignocaine. 4 = Control, B = 2 min, c = 8 min 
and D = 15 min after i.v. lignocaine. At arrows, distilled water was injected into the trachea. Ptr = 


Pressure in tracheal airway; 


V = airflow, 


inspiration upward; VT = tidal volume; 


PE’ co, = end-tidal Pco,; Eear = end-tidal enflurane concentration. 
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Fic. 3. Incidence of respiratory responses and plasma concentrations of lignocaine after i.v. 
administration of lignocaine. Individual and mean (sD) values are shown. [] = Apnoea; W = expiration 


reflex; N = cough; W 


responses recovered gradually with decrease in 
plasma concentrations of lignocaine. The ex- 
piration reflex started to appear 5 min after 
lignocaine, whereas the cough reflex and spas- 
modic panting were never observed until 8 min, 
when plasma concentrations of lignocaine were 
less than 3 pg ml-!. Figure 4 shows more detailed 
analysis of the relationships between plasma 
concentrations of lignocaine and occurrence of 
respiratory reflexes. Apnoea was not eliminated at 
plasma concentrations of lignocaine in excess of 
7 ug ml“, whereas the expiration reflex, cough 
reflex and spasmodic panting were suppressed at 
plasma lignocaine concentrations in excess of 3.5, 
2.3 and 2.2 ug mi~™?, respectively. 

Response duration, defined as the period from 
the onset of response to the point where the 
disturbed Vr and f returned to 90-110 % of the 
prestimulation values, was significantly shorter at 
2, 5 and 8 min after administration of lignocaine 
compared with control values (fig. 5). 


DISCUSSION 


Several investigators have shown that i.v. 
lignocaine suppresses respiratory reflex responses 


= spasmodic panting. 


[2—6]. However, none of these studies described 
changes in reflex responses after i.v. lignocaine 
other than suppression of the cough reflex. In the 
present study, we have shown that, 2 min after 
administration of lignocaine 1.5 mg kg“! i.v., tra- 
cheal irritation caused the apnoeic reflex only, 
while other reflex responses were suppressed 
completely. Five minutes after administration of 
lignocaine, the expiration reflex reappeared while 
coughing and spasmodic panting remained de- 
pressed. The cough reflex and spasmodic panting 
recovered partially within 8 min after lignocaine 
and returned to control values at 11—15 min. 

Spasmodic panting was never observed when 
plasma concentrations of lignocaine exceeded 
2.2 ug mit, whereas the cough reflex was 
eliminated effectively by plasma concentrations of 
lignocaine in excess of 2.3 pg ml. Similarly, the 
expiration reflex was never observed when the 
plasma concentration of lignocaine exceeded 
3.5 ug ml. The apnoeic response to tracheal 
stimulation was not eliminated effectively at twice 
this concentration. 

Suppression of the cough reflex occurring at 
plasma concentrations of lignocaine in excess of 
3 pg ml“ is compatible with the findings of other 
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Fig. 4. Relationship between plasma concentrations of 

lignocaine and positive (+) or negative (—) respiratory 

responses. **P< 0.01, comparison between positive and 

negative responses. Individual and mean (sD) values are 
shown. 
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Fic. 5. Mean (sp) response duration of respiration before and 
after i.v. administration of lignocaine. ** P < 0.01 compared 
with control (C). 


workers [6], although the definition of the cough 
reflex was not clear in that study. The finding that 
the apnoea response was not suppressed by 
concentrations in excess of 7 ug ml“ is compatible 
with previous observations that the apnoeic reflex 
is resistant to other interventions which depress 
airway reflexes, such as deep anaesthesia [1] and 
severe hypercapnia [9]. 
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Although the mechanisms by which i.v. 
lignocaine suppresses airway reflexes are 
unknown, rapid equilibration of local anaesthetics 
between blood and brain suggests that a de- 
pressant effect on the central nervous system may 
have contributed to this action [10]. A simular 
effect was shown by Himes, Munson and Embro 
[11], who demonstrated that arterial plasma 
concentrations of lignocaine 1~4 yg ml" pro- 
duced dose-related decreases in enflurane re- 
quirement in dogs. Therefore, it is likely that the 
mechanism of action of i.v. lignocaine is an 
increase in the depth of anaesthesia. The sup- 
pression of airway reflexes produced by iv. 
lignocaine is similar to that produced by an 
increase in dose of enflurane [1]. Furthermore, a 
relatively small but significant decrease in ven- 
tilation observed immediately after i.v. lignocaine 
is consistent with i.v. lignocaine causing a tran- 
sient increase in the depth of anaesthesia. 


In conclusion, our findings suggest that i.v. 
lignocaine has a dose-dependent effect on the 
expiration reflex, cough reflex and spasmodic 
panting in patients anaesthetized with enflurane. 
Under these conditions, it is reasonable to assume 
that lignocaine 1.5 mg kg? i.v. can suppress the 
cough reflex and other related reflexes during 
tracheal intubation, extubation, bronchoscopy 
and laryngoscopy when the duration of these 
procedures is relatively brief. 
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HORMONAL RESPONSES TO CARDIAC SURGERY: 
EFFECTS OF SUFENTANIL, SOMATOSTATIN AND 


GANGLION BLOCK 


J. P. DESBOROUGH, G. M. HALL, G. 
AND S. R. BLOOM 


SUMMARY 


We have investigated the effect of the addition of 
somatostatin and trimetaphan to sufentanil 
20 ug kg on the hormonal responses to cardiac 
surgery and compared the changes with a control 
group receiving sufentanil and sodium nitro- 
prusside. Eighteen patients undergoing elective 
valve replacement surgery were studied. Patients 
who received somatostatin and trimetaphan in 
addition to sufentanil had significantly smaller 
serum growth hormone and plasma glucagon 
concentrations compared with those who re- 
ceived sufentanil and sodium nitroprusside. The 
cortisol response to surgery was inhibited in both 
groups. There were no significant differences in 
catecholamine concentrations between the two 
groups. There was no effect of the additional 
inhibition of glucagon and growth hormone on 
circulating concentrations of glucose and lactate, 
but plasma concentrations of non-esterified fatty 
acids increased significantly. Thus the addition of 
somatostatin increased the suppression of the 
hormonal response to cardiac surgery by 
sufentanil. 


KEY WORDS 


Analgesics: sufentanil. Hormones: catecholamines, cortisol, 
growth hormone, somatostatin. Surgery’ cardiac, hormonal 
response. Sympathetic nervous system: ganglion block. 


High dose fentanyl anaesthesia (50 ug kg™) 
prevents the hormone response to pelvic surgery 
[1] and doses of 100 pg kg“! suppress the response 
to upper abdominal surgery [2]. However, there is 
a considerable risk of respiratory depression in the 
postoperative period, and high dose opioid tech- 
niques are more suitable for cardiac anaesthesia. 
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During cardiac surgery, high dose fentanyl sup- 
presses the pituitary hormone response until the 
onset of cardiopulmonary bypass (CPB) [3]. 

The effect of a newer opioid, sufentanil, has 
been studied extensively [4—10] and reviewed by 
Desborough and Hall [11]. Sufentanil has a 
significantly higher affinity for -opioid receptor 
sites and slower dissociation from the receptor 
than fentanyl [12]. It may be a more effective 
inhibitor of secretion of pituitary hormones, for 
example adrenocorticotrophic hormone (ACTH) 
and B endorphin, even during CPB [9]. In some 
studies, sufentanil has been shown also to prevent 
increases in growth hormone (GH) concentration 
during CPB [4,5], but this is not a consistent 
finding [9]. The catecholamine response to CPB 
has not yet been blocked, even with doses of 
sufentanil as great as 25 ug kg“! [8]. 

It appears that a high dose opioid technique 
alone is unlikely to prevent all the hormonal 
changes associated with CPB, and we considered 
that a combination of opioid and other specific 
hormonal blocking agents might be more effective. 
Octreotide is a long acting (6-8 h) synthetic 
octapeptide analogue of naturally occurring 
somatostatin which inhibits the secretion of 
gastrointestinal peptides and GH [13]. We have 
investigated, therefore, the catabolic hormonal 
response to cardiac surgery, using sufentanil to 
inhibit ACTH and hence cortisol secretion, 
octreotide (hereafter called somatostatin) to sup- 
press GH and glucagon secretion, and ganglion 
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block with trimetaphan to inhibit catecholamine 
release. This was compared with a control group 
receiving sufentanil and sodium nitroprusside 
(SNP) to control arterial pressure. 


PATIENTS AND METHODS 


We studied 18 patients admitted for elective aortic 
or mitral valve replacement. They had no history 
of endocrine or metabolic disease. All patients 
received sufentanil 20 ug kg! and they were 
allocated randomly either to receive somatostatin 
100 ug subcutaneously (s.c.) at induction of 
anaesthesia and trimetaphan camsylate to achieve 
ganglion block (somatostatin group), or to receive 
SNP to control arterial pressure (control group). 
The study was approved by the Hospital Ethics 
Committee and patients gave written informed 
consent, 

Patients were premedicated with papaveretum 
15-20 mg, hyoscine 0.3-0.4 mg and droperidol 
2.5-5.0 mg i.m. 90min before arrival in the 
anaesthetic room. A peripheral vein was can- 
nulated for infusion of drugs and fluids and a 
radial artery cannula inserted for direct measure- 
ment of arterial pressure and collection of blood 
samples. Anaesthesia was induced with a dose of 
thiopentone sufficient to obtund the eyelash reflex 
and the trachea intubated after administration of 
pancuronium 0.12mgkg". The lungs were 
ventilated with 50% nitrous oxide in oxygen. 
Sufentanil 10 pg kg? was given over 5 min after 
the pancuronium; patients in the somatostatin 
group received somatostatin 100 ug s.c. at this 
time. A further sufentanil 5 ug kg was given 
5 min before sternotomy and 5 min before CPB. 
Three right internal jugular cannulae, a urinary 
catheter and an oesophageal temperature probe 
were inserted. Ventilation was adjusted to main- 
tain Pa, at 4.5-5.0 kPa throughout the study. 
Sodium chloride 150 mmol litre’! was infused at 
6 ml kg! h™ before CPB. An attempt was made 
to maintain mean arterial pressure less than 
75 mm Hg in the control group with an infusion 
of SNP 1 mg mi- and in the somatostatin group 
with an infusion of trimetaphan camsylate 
5 mg ml}. 

Heparin 3mgkg was administered before 
cannulation of the aorta and right atrium. The 
heart-lung machine was primed with 2 litre of 
Hartmann’s solution and sodium bicarbonate 
25 mmol. CPB was undertaken using non-pul- 
satile flow with a bubble oxygenator at a pump 
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flow of 2.2-2.4 litre minm’. Patients were 
cooled (mean temperature 28.3 °C after 30 min) 
during CPB and myocardial preservation was 
undertaken with 1-2 litre of ice cold cardioplegia 
solution into the root of the aorta. Protamine 
3mgkg™+ was administered to restore normal 
coagulation after CPB. Blood was transfused after 
CPB according to cardiovascular status and blood 
loss. 

After operation, patients were transferred to the 
intensive care unit and ventilation of the lungs 
was continued. Papaveretum 5 mg and midazolam 
2.5 mg were given i.v, as required for analgesia 
and sedation. Glucose solution 4% was infused 
i.v. at 1 ml kg? h^, 

Blood samples were collected and mean arterial 
pressure recorded at the times shown in table I. 
All samples were analysed in duplicate for glucose, 
lactate and non-esterified fatty acids (NEFA) 
concentrations and PCV by methods described 
previously [1]. Serum GH [14], insulin [15], 
cortisol [16] and plasma glucagon [17] concen- 
trations were determined by radioimmunoassay in 
samples taken before induction of anaesthesia, 
after 30 min of surgery, after 30 and 60 min of 
CPB, and 2 h and 6 h after the end of CPB. Plasma 
concentrations of adrenaline and noradrenaline 
were analysed in these samples by high pressure 
liquid chromatography with electrochemical de- 
tection [18]. All samples were analysed in a single 
assay; the intra-assay coefficients of variation 
were 5.0% for GH, 10.3% for insulin, 4.0% for 
cortisol, 7.9% for glucagon, 8.2% for adrenaline 
and 6.8% for noradrenaline. The investigators 
were unaware of sample identities at the time of 
analysis. 

Results are presented as mean (SEM), or median 
(range) for GH data which were not normally 
distributed. Within-group comparison of metabo- 


TABLE I. Time of collection of blood samples. CPB = Ca: dio- 

pulmonary bypass 
Sample Time of collection 

Before induction of anaesthesia 

15 min after induction of anaesthesia 

After 30 min of surgery 

After 30 min of CPB 

After 60 min of CPB 

1 h after CPB 

2h after CPB 

4h after CPB 

6 h after CPB 

24h after CPB 


Owe IAM bY DN e 


par 
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TABLE II. Details of patients studied mean (SEM) 





Age (yr) 

Weight (kg) 

Sex (M:F) 

Aortic valve replacement 
Mitral valve replacement 


Aortic and mitral valve replacement 


Duration of surgery (min) 
Duration of CPB (min) 
Preoperative medication 
Diuretics 
Digoxin 
B-Blockers 
Calctum channel blockers 
Nitrates 


lites and hormones was undertaken by two-way 
analysis of variance and Dunnett’s test, and 
between-group differences by one-way analysis of 
variance. Data not distributed normally were 
analysed by Mann-Whitney U test and Wilcoxon 
rank test. 


RESULTS 


There was no significant difference between the 
groups with respect to age, sex, weight, pre- 
operative medication and duration of surgery or 
CPB (table IT). 


Serum GH (fig. 1) 

In the control group, GH increased significantly 
from a median value of < 1 to 2.1 mu litre after 
60 min of CPB (P < 0.01) and increased further 
to 9.2 mu litre"! (P < 0.01) 6 h after CPB. In the 
somatostatin group, however, GH concentrations 


m e A | n 


T o 
E pt. -— o -2n g- 
E o 

2 o 

$ 10 a a —-2---- B- 
2 

c 5 ee ere 
È leo oc 08 88 I 8 


1 3 4 5 
Sample 
Frc. 1. Individual serum growth hormone concentrations in 


the control group (©) and the somatostatin group (@). For 
key to samples, see table I. 


Control Somatostatin 
group group 
(n = 9) (n = 9) 
65.1 (3.2) 57.5 (3.8) 
66.8 (3.7) 70.0 (4.2) 
6:3 7:2 
7 5 
2 3 
— 1 
165 (9) 188 (10) 
71 (6) 89 (8) 
5 5 
3 2 
1 1 
1 1 
2 1 


remained low during CPB and increased sig- 
nificantly only 2 h after CPB, from < 1 to 1.3 mu 
litre! (P < 0.05), with a further increase 6 h after 
CPB to 3.1 mu litre? (P < 0.01). The con- 
centration of GH was significantly less in the 
somatostatin group compared with the control 
group after 60 min of CPB (P < 0.05). 


Serum insulin (fig. 2) 

Insulin concentrations declined from 13.9 to 
7.5 mu litre! (P < 0.01) in the control group and 
from 14.7 to 6.3 mu litre? (P <0.01) in the 
somatostatin group after 30 min of surgery. There 
was a further profound decrease after 30 min of 
CPB, to 1.5 mu litre! {P < 0.01) in the control 
group and to 1.1 mu litre? (P < 0.01) in the 
somatostatin group. Insulin concentrations then 
increased after 60 min of CPB, and 2 h after CPB 
had returned to pre-induction values. There was 


25 
20 


15 


Insulin (mu litre”) 


O 1 2 3 4 5 6 7 89 


Sample 


Fic. 2. Mean (SEM) serum insulin concentrations in the con- 
trol group (©) and the somatostatin group (@). For key to 
samples, see table I. 
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50 


40 


Glucagon (pmol litre”) 


10 


1 2 3 4 5 6 7 8 Q 
Sample 


Fic. 3. Mean (SEM) plasma glucagon concentrations in the con- 
trol group (O) and the somatostatin group (@). For key to 
samples, see table I. 


no significant difference between the two groups 
of patients. 


Plasma glucagon (fig. 3) 


In the control group, plasma glucagon de- 
creased from 18.1 to 14.3 pmol litre after 30 min 
of surgery, but this change was not significant. 
Glucagon increased with the onset of CPB and 
reached 40.5 pmol litre? (P< 0.01) 6h after 
CPB. In the somatostatin group there was a 
significant decrease in plasma glucagon from 18.5 
to 9.0 pmol litre? (P < 0.05) after 30 min of 
surgery. During CPB, glucagon increased more 
slowly than in the control group, reaching 
29.9 pmol litre! (P < 0.01) 6 h after CPB. Plasma 
glucagon concentration was significantly smaller 
in the somatostatin group compared with the 
control group after 30 min of surgery (P < 0.05), 
after 30 and 60 min of CPB (P < 0.01) and at 2 
and 6h after CPB (P < 0.05). 


1200 


400 


Cortisol (nmol litre”) 


1 2 3 4 5 6 78 
Sample 
Fic. 4. Mean (SEM) serum cortisol concentrations in the con- 


trol group (©) and the somatostatin group (@). For key to 
samples, see table I. 
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Adrenaline (nmol litre”) 


Noradrenaline (nmol litre™!) 
ND 


1 2 3 4 5 6 7 8 Q 
Sample 


Fic. 5. Mean (SEM) plasma adrenaline and noradrenaline con- 
centrations in the control group (O) and the somatostatin 
group (@). For key to samples, see table I. 


Serum cortisol (fig. 4) 


In both groups of patients, serum concen- 
trations of cortisol decreased during surgery 
before CPB, from 403 to 234 nmol litre in the 
control group and from 309 to 223 nmol litre? in 
the somatostatin group, although this change was 
not significant. Cortisol concentrations remained 
low during CPB in both groups. They increased 
slowly after CPB, to 978 (P < 0.01) and 753 nmol 
litre! (P < 0.01) in the control and somatostatin 
groups, respectively, after 6h. There was no 
significant difference between the two groups. 


Plasma adrenaline and noradrenaline (fig. 5) 


Plasma adrenaline concentrations in the control 
group increased significantly from 0.35 to 
1.32 nmol litre“! after 60 min of CPB (P < 0.01) 
and this increase was maintained until 6h after 
CPB. The increase in plasma adrenaline from 0.29 
to 0.87 nmol litre"! after 60 min of CPB in the 
somatostatin group did not reach statistical 
significance; however, 2 h after CPB, adrenaline 
concentrations increased further, to 1.39 nmol 
litre? (P < 0.01). Although adrenaline concen- 
trations were lower in the somatostatin group 
compared with the control group, there was no 
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TABLE III. Mean (SEM) values of metabolites, PCV and mean arterial pressure. Significance of 
induction): *P < 0.05; **P < 0.01. Significant difference from control group: tP < 0.05; FIP < 0.01. For key to samples, see 
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table I 
Sample No: 1 2 3 4 5 

Glucose (mmol litre™4) 

Control 4.41 (0.31) 4.21 (0.32) 4,27 (0.17) 5.46 (0.33) 6.72 (0.36)* 

Somatostatin 3.71 (0.20)F 3.50 (0.15) f 3.51 0.17T 4.68 (0.37) 6.28 (0.71) 
Lactate (mmol litre+) 

Control 0.83 (0.10) 0.87 (0.13) 1.01 (0.24) 1.84 (0.24)** 1.94 (0.24)** 

Somatostatin 0.84 (0.05) 1.02 (0.09) 0,92 (0.08) 2.28 (0.24)** 2.62 (0.31)** 
NEFA (mmo! litre) 

Control 1.05 (0.18) 1.04 (0.20) 1.60 (0.12) 1.56 (0.20)* 1.72 (0.28)** 

Somatostatin 0.96 (0.17) 0.96 (0.13) 1.28 (0.19) 3.11 (0.52)**F 3.06 (0.53)** tF 
PCV (%) 

Control 39.4(1.5) 36.9 (1.3) 36.0 (1.2) 22.5 (1.2)** 24.5 (1.1)** 

Somatostatin 37.8 (1.1) 35.1 (0.9) 35.1 (1.3) 25.5 (0.9)** 25.3 (1.1)** 
Mean arterial pressure 
(mm Hg) 

Control 82 (2) 65 (5) 66 (3) 66 (3) 60 (5)* 

Somatostatin 79 (4) 74 (4) 66 (4) 63 (3) 55 (4)* 

Sample No: 6 7 8 9 10 

Glucose (mmol litre~4) 

Control 7.09 (0.58)* 8.21 (0.99)** 9.41 (0.77) ** 8.23 (0.57)** 6.58 (0.23)* 

Somatostatin 6.32 (0.60) 7.86 (0.81)** 8.02 (1.04)** 9.51 (1.75)** 8.49 (0.10)**+ 
Lactate (mmol litre-*) 

Control 2.03 (0.22)** 2.17 (0.29)** 2.38 (0.29)** 1.97 (0.20)** 1.54 (0.29)* 

Somatostatin 2.13 (0.32)** 2.34 (0.37)** 2.27 (0.38)** 2.98 (0.74)** 1.43 (0.19) 
NEFA (mmol litre 4) 

Control 0.82 (0.13) 0.83 (0.13) 0.86 (0.18) 0.79 (0.11) 0.58 (0.11) 

Somatostatin 1.46 (0.23)+ 1.20 (0.22) 1.01 (0.14) 0.85 (0.14) 0.70 (0.11) 
PCV (%) 

Control 29.4(1.1)** 32.9 (0.9)** 33.1(1.3)** 32.3 (1.9)** 34.9 (1.4)* 

Somatostatin 31.3(1.3)** 33.5 (0.9)* 35.8 (1.1) 33.4(1.3)* 35.0 (0.9) 
Mean arterial pressure 
(mm Hg) 

Control 714 82 (5) 69 (3) 67 (4) 75 (5) 

Somatostatin 73 (4) 75 (2) 72 (3) 71 (3) 78 (5) 


significant difference between the two groups 
throughout the study. 

In the control group, noradrenaline concen- 
trations increased from 1.36 to 3.34 nmol litre! 
after 60 min of CPB (P < 0.01). In the somato- 
statin group, the increase in noradrenaline from 
1.15 to 2.62 nmol litre after 60 min of CPB was 
not statistically significant, but noradrenaline 
increased further, to 3.57 nmol litre, 2h after 
CPB (P < 0.01). There was no significant dif- 
ference between the two groups. 


Metabolites (table III) 


Blood glucose. Similar changes in blood glucose 
concentration were seen in the two groups. In the 
control group, blood glucose concentration in- 


creased significantly, from 4.41 to 6.72 mmol 
litre', after 60min of CPB (P< 0.05) and 
continued to increase up to 9.41 mmol litre! 4h 
after CPB (P < 0.01). In the somatostatin group, 
blood glucose did not increase significantly until 
2h after CPB (7.86 mmol litre; P < 0.01) and 
was maximal 6 h after surgery (9.51 mmol litre}; 
P<0.01). In the somatostatin group, blood 
glucose concentration was significantly lower than 
in the control group in all three samples up to 
30 min of surgery, and was significantly greater 
than the control group 24h after CPB. 


Blood lactate. There was no change in blood 
lactate concentration before CPB. After 30 min of 
CPB, lactate increased significantly, from 0.83 to 


difference from sample 1 (pre- 


th- 
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1.84 mmol litre“! (P < 0.01) in the control group 
and from 0.84 to 2.28 mmol litre"! (P < 0.01) in 
the somatostatin group. The increase in blood 
lactate was maintained for 24 h after CPB in both 
groups. These was no significant difference in 
blood lactate between the two groups. 


Plasma non-esterified fatty acids (NEFA). 
NEFA concentrations increased significantly in 
both groups of patients during CPB, from 1.05 to 
1.56 mmol litre™! (P < 0.05) in the control group 
and from 0.96 to 3.11 mmol litre? (P < 0.01) in 
the somatostatin group after 30 min of CPB. One 
hour after CPB, NEFA concentrations returned 
to pre-induction values. NEFA concentrations 
were significantly greater in the somatostatin 
group compared with the control group during 
CPB and 1 h after CPB. 


PCV (table III) 


In both groups of patients, PCV decreased 
significantly with the onset of CPB, from 39.4% 
to 22.5 % (P < 0.01) in the control group and from 
37.8% to 25.5% (P < 0.01) in the somatostatin 
group after 30 min of CPB. After operation, PCV 
increased slowly, reaching 32.3% (P < 0.01) in 
the control group and 33.4% (P < 0.05) in the 
somatostatin group 6h after CPB. There was no 
significant difference between the two groups of 
patients. 


Mean arterial pressure (table ITI) 


Mean arterial pressure decreased in both groups 
after induction of anaesthesia, during surgery and 
with CPB. In the control group it decreased from 
82 mm Hg to 60 mm Hg (P < 0.05) and in the 
somatostatin group from 79 mm Hg to 55 mm Hg 
(P < 0.05) after 60 min of CPB. One hour after 
CPB, mean arterial pressure was 71 mm Hg in the 
control group and 73 mm Hg in the somatostatin 
group. There was no significant difference be- 
tween the two groups of patients, and arterial 
pressure was greater than the target value of 
75 mm Hg on only two occasions after operation. 


Vasodilator therapy 


In the control group, the doses of SNP given 
during and after operation were 11.6(2.5) mg and 
56.5 (20.2) mg, respectively. In the somatostatin 
group, the doses of trimetaphan camsylate given 
during and after operation were 53.3(11.4) mg 
and 132.6 (97.5) mg, respectively. 
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DISCUSSION 


The combination of sufentanil, somatostatin and 
trimetaphan prevented the cortisol, GH and 
glucagon responses to cardiac surgery, and de- 
creased plasma catecholamine concentrations, 
although this change was not statistically 
significant. Haemodilution occurs on CPB and 
may result in transient decreases in circulating 
concentrations of hormones and metabolites. 
However, the changes in PCV were comparable in 
the two groups (table III), showing that the 
addition of somatostatin increased the suppression 
of catabolic hormone secretion compared with a 
technique using opioids alone. 

GH concentrations remained at basal values 
during CPB in patients who received somato- 
statin, with a significant difference from control 
patients after 60 min of CPB. Somatostatin is 
known to inhibit GH secretion in normal volun- 
teers, although effects are variable, depending on 
the time of administration and food intake [13]. 
The increase in GH during CPB in the contro] 
group, although significant, was not as large as we 
expected from a previous study in which 
sufentanil 10 ug kg or 20 pg kg! was given in a 
single dose following induction of anaesthesia 
with thiopentone and pancuronium [9]. In the 
present study, sufentanil was administered in 
divided doses, after induction of anaesthesia and 
before sternotomy and onset of CPB, which may 
have prevented larger increases in GH. Previous 
work using sufentanil in similar divided doses also 
showed no change in GH with CPB [5], as dida 
study with sufentanil given in incremental doses 
throughout surgery to a total dose of 13.1 ug kg™ 
[4]. 

The significant decrease in plasma concen- 
trations of glucagon in the patients who received 
somatostatin is in keeping with the inhibition of 
glucagon secretion for up to 6h which occurs in 
normal volunteers given an s.c. injection of 
somatostatin 50 ug [13]. The decrease in insulin 
concentrations after 30 min of CPB followed by 
an increase after 60 min of CPB was similar to 
results found in a previous study [9]. The increase 
in insulin secretion occurred while there was no 
change in PCV and an increase in blood glucose of 
only 1.2-1.6 mmol litre7!, and could be explained 
partly by the effect of changes in temperature with 
cooling and rewarming during CPB. Although 
somatostatin is known to suppress insulin se- 
cretion in normal individuals [13], the injection of 
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somatostatin had no additional inhibitory effects 
in the present study. This implies that insulin was 
already suppressed maximally during surgery and 
CPB. The inability of somatostatin to inhibit 
insulin secretion further during cardiac surgery is 
fortuitous, as insulin is the key anabolic hormone 
[19]. 

In both groups of patients sufentanil 20 ug kg? 
prevented any change in cortisol concentrations 
until 6 h after the end of CPB. This confirms the 
results of our previous study [9] and is in keeping 
with the observation that ACTH and cortisol 
secretion are suppressed by high dose opioid 
anaesthesia during cardiac surgery [11]. 

Circulating concentrations of catecholamines 
were lower in patients receiving trimetaphan, but 
surprisingly this did not reach statistical signific- 
ance. Previous work suggested that trimetaphan 
effectively prevented release of catecholamine’ 
during CPB [20]. However, these investigators 
studied patients having coronary artery surgery 
who received intermittent fentanyl to a total dose 
of only 35 pg kg}, and either SNP or trimetaphan 
to control mean arterial pressure. Circulating 
concentrations of catecholamines during CPB 
were greater than in the present study, even in the 
patients given trimetaphan, and this may reflect 
the low dose of opioid used. In the present study, 
pre-bypass concentrations of catecholamines were 
comparable to those described recently in patients 
receiving sufentanil 17.5 ug kg! for coronary 
artery surgery [10]. Sufentanil alone, in doses up 
to 25 ug kg, has been found to be insufficient to 
prevent increases in plasma adrenaline and nor- 
adrenaline concentrations during CPB [8]. 

It is probable that the major stimulus for 
hyperglycaemia during CPB is the increase in 
circulating catecholamine concentrations. It has 
been shown in general surgery that glucose 
concentrations are mirrored by changes in concen- 
trations of adrenaline and noradrenaline [21], and 
that blood glucose is sensitive to increases in 
plasma adrenaline [22]. Blood glucose concen- 
trations were similar during CPB in both groups 
in the present study, supporting the primary role 
of the sympathetic nervous system in mobilizing 
glucose, and suggesting that glucagon and GH 
play a less important part than catecholamines in 
the regulation of circulating concentrations of 
glucose during surgery. 

The highly significant difference in NEFA 
concentrations between groups during CPB was 
an interesting finding. Subcutaneous injection of 
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somatostatin in normal man is associated with 
increases in concentrations of glycerol and 3- 
hydroxybutyrate, probably because of suppres- 
sion of insulin secretion stimulating lipolysis [13]. 
However, insulin concentrations were similar in 
the two groups of patients in the present study. It 
is possible that a direct effect of somatostatin on 
lipolysis, lipogenesis, or both, or an alteration in 
the balance of anabolic and catabolic hormones 
during CPB may have been responsible for our 
observations. 


In conclusion, the addition of somatostatin to 
sufentanil increased the suppression of the hor- 
monal response to surgery. However, catechol- 
amine secretion appears to be refractory to 
ganglion block during CPB and other methods of 
suppressing catecholamine response need to be 
investigated. Until the catabolic hormonal re- 
sponse to cardiac surgery can be totally prevented, 
attempts to establish a relationship between 
anaesthetic technique, hormone secretion and 
postoperative morbidity are premature [23]. 
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DECAY OF NITROPRUSSIDE. I: IN VITRO 


C. J. VESEY, M. STRINGER AND P. V. COLE 





SUMMARY 


The apparent intravascular decomposition of 
nitroprusside (SNP) has been attributed to 
photolysis and artefactual generation of cyanide 
(HCN) during assay, leading some workers to 
believe that large doses of SNP may be infused 
safely if light is excluded. However, we have 
shown that HCN is not produced from SNP 
during analysis. Significant amounts of HCN 
were formed only when SNP was first incubated 
with blood. The yield of HCN was a function of 
the temperature, pH and time of incubation. The 
time for release of 50% of the HCN from SNP 
5 umol litre” at 37°C in blood was 26.6 min 
with > 90% yield in 2h, and in plasma the 
optimum pH was about 7.5. A u.v. method for 
measuring SNP suggests that, at clinically ap- 
propriate blood concentrations, SNP is confined 
to plasma. 


KEY WORDS 


Measurement techniques. ultraviolet. 
cyanide, sodium nitroprusside, photolysis 


Pharmacology’ 


Sodium nitroprusside (SNP) is a valuable hypo- 
tensive agent because of its evanescent action, 
believed to result from rapid intravascular de- 
composition. Long before its clinical use was 
envisaged, hydrogen cyanide (HCN), together 
with symptoms of cyanide toxicity, were noted in 
animals poisoned with SNP. There have also been 
reports of toxic blood concentrations of HCN and 
increased concentrations of the detoxication pro- 
ducts, thiocyanate (SCN ) and cyanocobalamin in 
patients [1]. 

However, Butler and colleagues have argued 
[2-4] that the biological release of HCN from 
SNP is unlikely thermodynamically, and that 
workers have been misled by the photochemical 
formation of acid-labile aquapentacyanoferrate 
((Fe(CN),H,O]?-), which releases HCN during 
assay. They suggested that the analytical method 


in common use is inappropriate for isolating HCN 
from blood fractions containing SNP [2, 3]. 

These assertions have provoked much debate 
[1, 4, 5, 6], and they conflict with in vitro studies of 
SNP breakdown [1,7]. The following investig- 
ations show that the biological degradation of 
SNP cannot be attributed to an artefact of the 
aeration procedure during analysis. Furthermore, 
this study has provided a method for measuring 
SNP in plasma. 


METHODS 


Initially, the possibility of HCN formation from 
SNP during the assay procedure was re-investi- 
gated. Four subsequent experiments investigated 
the release of HCN from SNP when incubated 
with blood in foil-wrapped, stoppered Quickfit 
tubes. 

Analar (BDH) sodium nitroprusside (Na,Fe- 
(CN);NO.2H,O) was dissolved in physiological 
saline in foil-wrapped glass containers and stored 
at 4°C in the dark; SNP solutions are stable 
under these conditions [1]. Venous blood from 
healthy, non-smoking volunteers was drawn into 
heparinized syringes, the microhaematocrit 
(PCV) determined, and the blood used within 
60 min of collection for each experiment. 

Blood samples withdrawn for cyanide assay 
during incubation were transferred to disposable 
tubes standing in a freezer-cooled Kryorack and 
centrifuged at 2000g at 0°C for 10 min. The 
separated plasma was measured into a 75-ml 
Quickfit, borosilicate aeration tube (foil-wrapped 
to exclude light, except where specified) together 
with three volumes of 10% trichloroacetic acid 
(TCA), plus a few drops of silicone antifoam. 
Scrubbed nitrogen was passed through the TCA 
mixture at 750 ml min“ for 90 min, transferring 
any released HCN through an empty trap into 
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sodium hydroxide (NaOH) 0.2 mol litre! in two 
tubes connected in series. Meanwhile, the red 
cells were washed with cold saline, in order to 
avoid artefactual formation of HCN from en- 
trained SCN- during assay [8], and the PCV 
determined by microhaematocrit. The cells were 
measured into a second aeration tube and 
haemolysed with an equal volume of water, mixed 
thoroughly with three volumes of TCA and the 
free HCN transferred to NaOH. HCN was 
measured by an autoanalytical method [9]. Using 
this assay procedure for the analysis of 5 ml of 
blood, the lower limit of detection for HCN is 
0.1 pmol litre?. On addition of KCN to fresh 
blood, the following mean (SD) recoveries were 
obtained (n= 6 in each case): 96.9(6.8)% at 
10 pmol litre; 89.7 (6.1)% at 25 pmol litre’; and 
92.2 (7.1) % at 100 pmol litre. 

The amounts of plasma and red cell HCN 
obtained from the incubated blood were adjusted 
for the PCV value of the blood sample, summed 
and expressed as a percentage of the potential 
HCN yield of the SNP added to the blood (% 
yield of HCN =% of SNP degraded during 


incubation; as SNP 1 mol yields HCN 5 mol, the. 


actual amounts of HCN produced can be 
calculated: HCN pmol litre! = 5ab/100 where 
a = SNP umol litre? used and b= % of HCN 
released). 

Control solutions of SNP in saline were in- 
cubated for the duration of each experiment and 
processed in the same way as the incubated blood 
or plasma. 

Mean, standard deviation (sD), standard error 
of the mean (SEM), two sample z tests and linear 
regression were determined with the MINITAB 
statistical package (Pennsylvania State Univer- 
sity). 


Artefactual HCN formation during assay 


Under ambient light. On three separate occasions 
10% TCA 15 ml was added to 5-ml aliquots of 
0.9% saline in six aeration tubes. Three of the 
tubes were wrapped with foil and three were left 
unwrapped. SNP was added to all six tubes to 
give a concentration of 100 pmol litre. During a 
90-min aeration with nitrogen, the apparatus was 
exposed to the usual laboratory ilumination 
(overhead fluorescent light and afternoon daylight 
from southwest-facing windows 3.75m away). 
The light reaching the non-wrapped tubes was 
measured with an Opto-meter 80X (United 
Detector Technology Inc.) at the commencement 
of aeration and then at 15-min intervals. The 
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experiment was repeated in triplicate with plasma 
or haemolysed red cells. Blood from different 
donors was used in each of three tests. 

With increased illumination. The experimental 
procedure of Bisset and colleagues [2,3] was 
repeated three times. Pairs of tubes (one of each 
wrapped in foil) containing saline, fresh plasma or 
washed RBC, plus TCA and SNP 100 pmol litre} 
were illuminated with a 100-W tungsten filament 
bulb 30 cm distant (in addition to ambient light as 
described above) while their contents were aerated 
with nitrogen for 2h and liberated HCN was 
trapped in NaOH. Light intensity was measured 
with the Opto-meter 80X. 


The rate of breakdown of nitroprusside in 
incubated whole blood 


SNP 300 umol litre". In five experiments, 50- 
ml samples of blood (from a different donor each 
time) were mixed with a saline solution of SNP. 
Immediately after thorough mixing, and every 
30 min during a 3-h incubation at 37 °C, 5-ml 
aliquots were removed, separated and analysed. 

In each experiment, control samples of donated 
blood were incubated with 0.9% saline containing 
no SNP, and samples for cyanide analysis were 
taken at 0 and 180 min only. 

SNP 5 umol litre. Blood from five donors was 
incubated with SNP. Samples were taken after 15 
and 30 min, then at 30-min intervals for a total 
incubation time of 120 min. When donated blood 
volume allowed, plasma equivalent to that in the 
incubated sample of whole blood (determined 
from the PCV) was incubated with the same 
amount of SNP as added to the corresponding 
blood sample (approximately 10 pmol/litre 
plasma) and aliquots analysed at the same time 
intervals. 


Decomposition of nitroprusside at different 
concentrations in blood from the same donor 

Saline solutions of SNP were added to four 
10-mi blood samples to give final concentrations of 
5x 107°, 5x 1075, 5 x 1074 and 5 x 107? mol litre™!. 
Aliquots were removed from the incubated mix- 
tures after 60 and 120 min and the plasma and red 
cells analysed separately for free HCN. This was 
repeated three times using blood from a different 
donor on each occasion. 


Effect of varying pH on degradation of 
nitroprusside in plasma 

A solution of Universal Buffer [10] was pre- 
pared from sodium acetate 0.08 mol litre, so- 
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dium dihydrogen phosphate 0.08 mol litre? and 
borax 0.02 mol litre-!. The pH of 50-ml aliquots 
(measured with a Corning pH meter) was adjusted 
by the addition of HCl 1 mol litre? or NaOH 
1 mol litre! and the volume made up to 100 ml. 
Five millilitre of plasma (freshly obtained from 
the same donor on each occasion) or 0.9% saline 
was added to equal volumes of buffer to obtain 
mixtures of pH from 3.5 to > 9.0. The pH of 
0.5 ml of each mixture at 37 °C was determined 
with an IL 413 pH meter (Instrumentation 
Laboratories); the remainder was incubated with 
SNP 10 pmol/litre plasma or saline. After 1 h of 
incubation, TCA was added to the buffer mixtures 
and the amount of HCN determined. 


Measurement of nitroprusside and free cyanide 
during incubation with blood at three different 
temperatures 


Three 15-ml blood samples were equilibrated 
at 0°C, 19°C or 38°C for 30 min and a saline 
solution of SNP was added to give a concentration 
of 5 umol litre. Aliquots (5 ml) were removed at 
30, 60 and 90 min and the separated plasma added 
to four volumes of sodium acetate buffer 
0.2 mol litre-!, pH 3.5 (instead of the usual TCA), 
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in foil-wrapped aeration tubes. Nitrogen was 
passed through at 750 ml min`! for 90 min and 
any free HCN, resulting from the incubation, was 
trapped in NaOH. The foil was removed from the 
tubes and the plasma—buffer mixture exposed to 
u.v. from a 60-cm, 20-W Mazdafluor “Black 
Light” tube fitted with a reflector. The distance 
between the u.v. source and the tube containing 
the plasma—buffer mixture was 5cm. Nitrogen 
aeration was continued for a further 120 min and 
the HCN set free by the u.v. was trapped in fresh 
NaOH. Free HCN was separated from the saline 
washed red cells in the usual manner. 

The experiment was repeated three times using 
blood from a different donor on each occasion. 
The increase in temperature of the plasma—buffer 
mixtures at the end of the u.v.—nitrogen aeration 
was measured. 


RESULTS 


Artefactual HCN formation during assay 

Under ambient light. No HCN was released 
from solutions of SNP 100 umol litre! during 
aeration. The HCN yield of solutions exposed to 
normal lighting conditions showed no significant 


TABLE I. Percentage cyamde (HCN) yield from mtroprusside 100 umol litre™* m 5 ml of saline, plasma 

or red cells acidified with TCA 15 ml and aerated with nitrogen. Aeration tubes esther exposed to light 

(LE) or shielded from hght (foil-wrapped, FW) during the aeration stage of the cyamde assay. Ambient 

laboratory illumination shown as mean (SD) of measurements at 15-min mtervals ; artificial illumination was 
5.8 mW an~? *n = 2 


Ambient illumination for 90 min Tiiumuinated 
for 2h 
Light HCN (%) (n = 3) HCN (%) 
energy m 
(uW cm~?) LE FW LE FW 
Saline 252 (29) 0.03 (0.006) 0.01 (0.0) 0.16 0.08 
(n = 9) 381 (156) 0.05 (0 008) 0.04 (0 0) 0.14 0.03 
385 (163) 0.06 (0.017) 0.09 (0.012) 0.14 0.02 
Mean 0 05 (0.02) 0.05 (0.03) Max. diff. 
t 0.07 0.12 
P 0.94 
Plasma 353 (28) 0.29 (0.021) 0.35 (0.044) 0 99 0.70 
(n = 9) 457 (100) 0.56 (0.010) 0.48 (0.057) 0.64 0.40 
508 (65) 0 23 (0.029) 0.23 (0.029) 0.67 0.42 
Mean 0.36 (0.15) 0 35 (0.12) Max. diff. 
t 014 0.29 
P 0.89 
Red cells 143 (36) 0.67 (0.096) 0.67 (0.021) 0.87 0.82 
(n = 8) 478 (157) 0.51 (0 057)* 0.49 (0 014) 0.57 0.58 
489 (93) 0.57 (0.035) 0.47 (0.046) 0 82 0 63 
Mean 0 59 (0.09) 0 55 (0.11) Max. diff. 
t 0.85 019 
P 0.41 
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Fic, 1. Mean (SEM) percentage yield of hydrogen cyanide 

(HCN), released from sodium nitroprusside 300 pmol/litre 

blood incubated at 37°C, plotted against incubation time 

(n = 5). Between 30 and 180 min: r=0997, P < 0.001; 
y = 0.083x + 6.68. 


differences from those not exposed and the 
presence of blood fractions did not influence the 
results (table I). 

With increased illumination. Exposing TCA- 
acidified solutions of SNP 100 pmol litre? to a 
light intensity of 5.8mW cm~? resulted in max- 
imum net release of 0.12% (from saline), 0.29% 
(from plasma) and 0.19% (from red cells) of 
cyanide from the SNP (table I). 


Rate of breakdown of mtroprusside in incubated 
whole blood 

SNP 300 umol litre. An initial rapid release of 
HCN was followed by a slower linear release 
between 30 and 180 min (fig. 1). More points are 
required to determine the initial shape of the 
curve, so linear regression analysis was limited to 
30-180 min. During this interval, the percentage 
of cyanide released showed a significant cor- 
relation with incubation time (r= 0.99; P< 
0.001) and amounted to a mean (SEM) of 
21.4(4)% at the end of 180 min. 

When blood was incubated without added SNP, 
the increase in HCN concentration was in- 
significant (at 0 and 180 min respectively, equiva- 
lent to 0.03% and 0.04% of the potential HCN 
yield of SNP added to the test samples; n = 5). 
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Fic. 2. Mean (SEM) percentage of cyanide (HCN) set free 

from sodium nitroprusside 5 pmol litre? when incubated 

with fresh blood (@) or plasma (A), vs log incubation 

time. Between 15 and 120min: r=0.994, P < 0.001, 

y = 64.7logy — 42.2, T, = 26.6 min (whole blood) andr = 0.982, 
P <0001, y = 13logx—7.42 (plasma). 


Consequently, to avoid unnecessary waste of 
volunteer blood, further such controls were not 
used. Incubated saline solutions of SNP 
300 umol litre! also contained only a trace of free 
HCN (mean 0.024 (sp 0.005)% 3 n = 5). 

SNP 5 umol litre’. HCN release was almost 
complete in 2h (Jj = 27 min). After an initial, 
more rapid generation of HCN, there was a linear 
relationship between the percentage of HCN 
released and the log of the incubation time 
between 15 and 120 min (r = 0.99; P < 0.001) 
(fig. 2). However, when plasma was incubated 
with SNP, a much slower release of HCN was 
noted. This also showed a significant correlation 
with the log of the incubation time (r = 0.98; P < 
0.001). 

Saline solutions of SNP 5 pmol litre! yielded 
only trace amounts of HCN after 120 min of 
incubation (mean 0.46 (0.3% ; n = 5). 


Decomposition of nitroprusside at different 
concentrations in blood from the same donor 

Insignificant amounts of HCN were recovered 
from saline mixtures of SNP (fig. 3). However, 
the yield of HCN from blood was 16% with SNP 
5 mmol litre7!, but more than 90% with SNP 
S5umollitre!, after 2h of incubation; results 
obtained with blood from three different donors 
were simular. 
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Fic, 3. Percentages of cyanide (HCN) released when four different concentrations of sodium 

nitroprusside (SNP) were incubated in samples of the same blood, for 60 and 120 min (left and right 

hand column of each pair, respectively). The means (sp) are for three experiments using blood from a 

different donor each time (i.e. n = 3 for each column). The proportions of plasma (cross~hatching) and 

red cell (stippling) HCN are indicated. The percentage yield of free HCN present in saline solutions of 
SNP (n = 3) measured after 60 and 120 min are also shown. 





Effect of varying pH on nitroprusside degradation 
in plasma 
Saline solutions of SNP 10 pmol litre! buffered 15 g 
at various pH and incubated for 1 h contained 
only small amounts of HCN. However, when 
plasma was present, HCN was released in in- 
creasing yield at pH values greater than 4, with an 
optimum at about pH 7.5 and decreasing to pH 9 


(fig. 4). 


Measurement of nitroprusside and free cyanide 
during incubation with blood at three different 
temperatures 

The total HCN yield (the sum of the plasma 
and RBC HCN plus that released from the 
plasma—buffer mixture by u.v.—nitrogen aeration) 6 
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Fic. 4. Percentage of cyanide (HCN) obtained on assay of 
mixtures of sodium nitroprusside 10 pmol litre}, fresh 
plasma and equal volumes of 0.04-mol litre! Universal 
Buffer solutions of various pH, when incubated for 60 min 
(@; each point the result for one sample only). A, O = 
Values for additional mcubations performed 1 and 2 weeks 
later with fresh plasma from the same donor; A = percentage 
yields of HCN when saline was substituted for plasma. 
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Fic. 5. Mean (sD) percentage yields of cyanide (HCN) obtained with fresh blood from three different 

donors (1.¢. n = 3 for each column) when incubated with SNP 5 umol litre! at 0, 19 and 38 °C for 30, 

60 and 90 min. The diagram shows the proportions of HCN present in the red cells (stippled) and 

plasma (cross-hatched), and thet released from intact SNP in the plasma by the u.v. assay (open 
columns), 


was close to 100% at each temperature and 
incubation time (fig. 5). However, the proportion 
of HCN released by exposure of the plasma to u.v. 
decreased as the incubation temperature in- 
creased: after 2h at 0°C only 17% of the added 
SNP was degraded, while at 38°C only 9.5% 
remained. 

During the 2-h u.v.—nitrogen aeration, the 
temperature of the plasma—buffer mixtures in- 
creased 3.5 °C above ambient. The saline solutions 
of SNP, incubated at 38 °C, gave no significant 
yield of free HCN (mean 0.55 (0.23)% 3 n = 5). 


DISCUSSION 


The aeration technique for isolating HCN from 
solutions containing SNP has been criticized for 
two reasons. It has been suggested that, during 
the procedure, exposure to light results in the 
photolysis of SNP and release of HCN [2, 3] (the 
passage of nitrogen, creating non-equilibrium 
conditions by removing HCN, speeds up this 
decomposition [4]), and that it does not dis- 
tinguish between the free HCN that may already 
be present, and that which may be released during 
analysis from any acid-labile pentacyanoferrate 
compound derived from SNP in the blood sample 
before assay [6, 11]. 

The first objection to the method is based on 
the observation that nearly 100% of the cyanide 
in an acidified solution of SNP 100 pmol litre 
was released in 90 min [3] or 140 min [2], whilst 
the assay was exposed to the light from a 100-W 


bulb, 30 cm distant. The presence of blood or its 
fractions was reported to have made no difference 
to the rate of SNP photolysis under these 
conditions [3]. 

On repeating this experiment (three times each 
with saline, plasma and washed RBC) we obtained 
a result which was contrary to that reported [2, 3]. 
Maximum net amounts of only 0.12%, 0.29% 
and 0.19% HCN were obtained from the acidified 
saline or plasma solutions of SNP, and in the 
presence of red blood cells, respectively, with 
exposure to the light from a 100-W bulb (table I). 
In addition, we have confirmed our earlier studies 
[1] that TCA-acidified solutions of SNP aerated 
with nitrogen whilst exposed to ambient lab- 
oratory illumination for 90 min yield no more 
HCN than the traces measured in those protected 
from light. When plasma or red cells were present, 
again there was no significant difference between 
exposed and light-protected assays (table I). 

Nevertheless, in all the subsequent experiments 
the assays, together with the SNP solutions and 
incubation mixtures, were always protected from 
light with aluminium foil. In addition, controls of 
saline SNP were incubated and assayed in parallel 
with the blood samples. These controls provide 
further evidence against an artefactual origin for 
HCN, as they, in addition to incubated buffer 
solutions of SNP of various pH, released no 
significant amounts of HCN when analysed (figs 
3, 4). Indeed, the production of HCN obviously 
depended on the presence of blood or plasma and 
on the incubation conditions—time, pH and 
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temperature (figs 1, 2, 4, 5). The measured HCN 
must therefore arise from a reaction between SNP 
and a constituent of blood, and cannot be 
attributed to the action of light either during the 
incubation or during the subsequent treatment. 

The u.v. method for measuring plasma SNP 
introduced in the final experiment made use of the 
fact that the photochemical degradation of SNP 
occurs at wavelengths less than 480 nm [12]. The 
u.v. source (20-W Mazdafiuor “Black Light” 
tube) had an emission band of 320—400 nm, with 
a peak at 360 nm. Borosilicate glass aeration tubes 
do not transmit wavelengths less than about 
340 nm, so that solutions were exposed to light to 
which SNP is most sensitive (approximately 
400 nm, [12]}—a spectral region which is not a 
significant feature of light from a tungsten 
filament lamp or of laboratory lighting. A pH of 4 
was chosen as this was shown to be the greatest 
pH at which minimal degradation of SNP oc- 
curred when incubated with plasma, while at 
lesser pH, for example with TCA (pH 1.4) or with 
sulphuric acid (pH 1.2), we found the photolytic 
action of u.v. was reduced. 

It is not clear why Bisset and colleagues [2] 
were unable to obtain evidence for breakdown of 
SNP in blood when repeating the experiment of 
Spiegal and Kucera [7], who claimed almost 
100% release of HCN on incubation (for an 
unspecified time) of SNP 8.4 umol/litre of blood. 
As our experiments demonstrate, an incubation 
time in excess of 2 h would be required (fig. 2) to 
obtain 100% release of HCN at this con- 
centration. However, on repeating this experi- 
ment, Bisset’s groups [2,3] used much greater 
concentrations: between 833 umol litre! and 
10 mmol litre !. Thus HCN yields would be much 
less than 100 %. The percentage of HCN released 
in blood decreases with increasing SNP con- 
centration; only 9.4% of SNP cyanide was 
released from SNP 5 mmol litre™! in whole blood 
after 1 h at 37 °C. In plasma, breakdown is even 
slower (20 % of cyanide released at SNP approxi- 
mately 10 pmol litre’ compared with release of 
about 90% from whole blood after 2h of 
incubation (fig. 2)). This suggests that SNP 
degradation is limited by the availability of some 
reactant in the blood, which is present in lower 
concentration in plasma. 

Failure to detect cyanide may be caused partly 
by the use of a cyanide-sensitive electrode with 
lower limits of detection of 5 mmol litre! in 
plasma and 1.2 mmol litre? in red cells 
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[2, 3]—concentrations unlikely to be achieved 
even after prolonged incubation at high concen- 
trations of SNP. Nevertheless, it is surprising 
that, even when using the more sensitive colori- 
metric assay, they found no production of HCN. 
The values that Bisset and colleagues [2] obtained 
when repeating Spiegel and Kucera’s experiment 
[7], both in light and in darkness, are similar to 
those we report in table I, and suggest limited 
incubation before analysis. This may be because 
they were expecting “‘rapid release ” of HCN “on 
mixing with blood” [2], obtaining “‘no evidence 
for the presence of cyanide after the addition of 
SNP” [3] to blood. 

We agree with the second criticism of the assay 
[2, 6, 11] that it does not distinguish between free 
HCN present in the blood sample before assay, 
and HCN released during analysis from any 
previously formed acid-labile pentacyanoferrate 
compound. Our experiments do not indicate 
whether HCN itself is produced or such a labile 
product is formed from SNP by reaction with a 
constituent of incubated blood. However, several 
previously reported observations lend support to 
the view that free HCN is released in blood: 

First, the increase in HCN concentration in 
patient’s expired air, following infusion with SNP, 
showed a significant correlation with the patient’s 
plasma concentrations of HCN measured by this 
assay [1]. 

Second, after 2h, 64% of the cyanide from a 
light-protected bolus injection of SNP in dogs 
[13] could be accounted for as SCN, the 
detoxication product of HCN (apart from that 
excreted in the urine). 

Third, following infusion of SNP, 98% of the 
measured blood HCN is found in the red cells [1]. 
This cannot be an artefactual product of the 
analysis, as the subsequent decrease in RBC HCN 
concentration with time shows a high correlation 
with the increase in plasma SCN- [13]. 

Fourth, although SNP had no effect on cyto- 
chrome oxidase im vitro, injection of lethal doses in 
mice inhibited the enzyme activity in a fashion 
delayed but similar to KCN [14]. 

In the majority of studies on the biological 
breakdown of SNP, high, clinically irrelevant 
concentrations of SNP have been used 
[2, 3, 11, 15]. Smith and Kruszyna [15] used 
relatively high concentrations of SNP 
(8 mmol litre!) in order to demonstrate that a 
reaction with haemoglobin is responsible for its 
decomposition in blood. However, it is unlikely 
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that at clinical concentrations the nitroprusside 
ion enters the red cells. Indeed the time-course of 
plasma and red cell HCN concentrations in dogs 
given a bolus dose of SNP from a foil-wrapped 
syringe suggested that it undergoes breakdown in 
the plasma [13]. The method of assay for SNP 
described in this paper adds weight to this 
conclusion, as the free HCN in plasma and red 
cells plus the HCN released from the plasma by 
exposure to u.v. light accounted for all the SNP 
cyanide. Rodkey and Collinson [16] also arrived at 
this conclusion. 

Our study shows that decomposition in plasma 
alone is slower than in whole blood. The red cells 
may enhance the rate of breakdown by taking up 
HCN [1, 8] and driving the reaction to the right, 
or by providing a small molecule which diffuses 
into the plasma and reacts with SNP. The latter 
would explain the relatively slow rate of de- 
composition fn vitro; even at the low concentration 
of 5 umol litre?, SNP had a 7, of 27 min. The fact 
that the in vivo T, appears to be much shorter than 
this (at the end of SNP infusion the return to 
normotension takes about 10 min) suggests that 
clinical blood concentrations may be less than 
5 umol litre-?. We have, therefore, used the u.v. 
assay to measure SNP concentrations in man after 
infusion [17]. 

We conclude from this study that the HCN 
reported in blood from patients and animals 
infused with SNP, or in blood incubated with it, 
is not a product of the assay per se, but arises from 
a reaction between SNP and some constituent of 
blood other than haemoglobin. There is therefore 
no case for infusing higher than recommended 
doses of SNP, even when they are protected from 
light [3]. 
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DECAY OF NITROPRUSSIDE. 


C. J. VESEY, B. SWEENEY AND P. Y 





SUMMARY 


Clinical experience suggests that nitroprusside 
(SNP) concentrations decay more rapidly in vivo 
than in vitro. Plasma concentrations of SNP were 
measured therefore in 20 patients at the end of 
an infusion, with mean arterial pressure (MAP) 
and cyanide (HCN) concentrations. Plasma 
SNP concentrations (20-243 ug litre’; mean = 
123.5 pg litre), were related to infusion rate {r 
= 0.66, P < 0.001), and declined rapidly to a 
mean (SD) of 7.7 (4.5) ug litre in 15 min. The 
decay of SNP correlated closely with the increase 
in arterial pressure (mean MAP vs log mean 
plasma SNP concentrations: t = —0.993, P < 
0.001}, and was probably biphasic: mean (SD) 
T;* = 0.89 (0.62) min, Tf = 14.3 (12) min. Mean 
plasma HCN and mean plasma SNP concen- 
trations decreased together (r=0.955, P< 
0.001), thus confirming that in vivo decom- 
position of the drug is the source of HCN. 


KEY WORDS 


Blotransformation. cyanide. Measuremant techniques: ultra- 
violet. Pharmacology. sodium nitroprusside 


Following administration of sodium nitroprusside 
(SNP), arterial pressure generally returns to pre- 
infusion values in 5-15 min [1]. This is presumed 
to result from intravascular degradation of the 
drug [2]. However, we found that when the 
compound was incubated in witro with fresh 
human blood at a concentration of 5 pmol litre? it 
had a decomposition half-life (7) of 27 min [2], 
while in rat blood a greater concentration 
(67 pmol litre~*) [3] gave a T, of 43 min. Thus the 
apparently shorter 7; in patients may be caused by 
much smaller SNP concentrations. However, no 
blood concentrations in humans have been re- 
ported, apart from those following long-term 
infusion [4]. Using our assay described previously 
[2], we therefore measured SNP in the plasma of 
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. COLE 


patients at the end of a short-term infusion, and 
related the decrease to changes in arterial pressure 
and blood HCN concentrations. 


PATIENTS AND METHODS 


Twenty patients undergoing orthopaedic or plas- 
tic surgery requiring SNP-induced hypotension 
gave informed consent. Their ages were 21-68 yr; 
12 were males and six were smokers (table I). 

A 1% solution of SNP in 5% glucose was 
infused from a foil-wrapped syringe actuated by a 
digital pump (Treonic IP3; Vickers Medical 
Ltd), to maintain mean arterial pressure (MAP) 
at 50-60 mm Hg throughout surgery. Infusion 
times were 21-139 min and SNP doses 0.07- 
0.52 mg kg! (table I). Arterial pressure was 
monitored directly from the radial artery during 
the infusion and for at least 15 min thereafter. 

Arterial blood samples (15-20 ml) were taken 
into ice-cold, foil-wrapped, heparinized syringes, 
before and at the immediate end of infusion, and 
1, 2, 5 and 15 min later. In eight patients, two 
additional samples were taken at 3.5 and 10 min 
after the infusion. Following collection, the 
samples were placed in ice and water, and 
promptly transported to and processed in the 
laboratory. 

Duplicate packed cell volumes were determined 
by microhaematocrit, and the bulk of each sample 
was centrifuged immediately for 10 min at 2000 g 
and 0 °C. As described previously [2], a measured 
amount of the separated plasma was added to four 
volumes of acetate buffer 0.2 mol litre pH 3.5 in 
a foil-wrapped tube. Any free HCN present in the 
plasma was first transferred to sodium hydroxide 
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TABLE I. Patient detatls and SNF dose 








SNP infusion 
Patient Age Wr 
No. (yr) (kg) Sex Smokers (min) (mg) (mg kg~*) (ug kg~? min-*) 
1 33 62.8 F A4- 27 10 0.16 59 
2 37 71.3 M _ 21 5 0.07 33 
3 61 89.8 M + 120 12 013 1.1 
4 58 755 M —_ 90 15 0.20 2.2 
5 43 54.0 F _ 81 18 0 33 4.1 
6 68 86.3 M -= 105 8 0.09 0.9 
7 24 55.4 F _ 67 6 0.11 1.6 
8 56 63.3 F —_ 139 26 0.41 3.0 
9 27 73.0 M m 86 13 017 2.0 
10 51 71.0 M — 132 19 0.27 20 
11 57 85 8 F _ 83 8 0.09 il 
12 60 91.0 M + 125 15 0.16 1.3 
13 45 73.6 M e 75 23 031 4.2 
14 26 66.0 F + 32 8 0.12 3.8 
15 62 54.0 F _ 87 17 0.31 3.6 
16 56 85.5 M -~ 35 8 0.09 2.7 
17 21 65.0 M -+ 85 24 0.37 4.3 
18 46 55.0 F — 50 13 0.24 4.7 
19 32 67.0 M ~ 35 1] 016 4.7 
20 25 84 0 M + 110 44 0.52 4.8 
Mean 444 715 79.3 15.2 0 22 3.1 
SD 15.2 12.3 36.5 91 0.13 1.5 
Median 45.5 71.2 84.0 13.0 0.17 3.2 
OH) with f ni 750 ml min- 
(NaOH) with a stream of nitrogen min ee 


for 90 min, then any remaining intact SNP was 
decomposed by exposure of the plasma~—buffer 
mixture to ultraviolet light (u.v.), from a 20-W 
Mazdafiuor “‘ Black light” tube, whilst continuing 
nitrogen aeration for a further 2h and trapping 
the liberated HCN in fresh NaOH. A separate 
aliquot of plasma was deproteinized with 5% 
trichloroacetic acid (TCA) and used for the 
determination of thiocyanate (SCN7). The saline- 
washed red cells were haemolysed, mixed with 
three volumes of 10% TCA and the free HCN also 


transferred to NaOH. The isolated HCN and 


plasma SCN- were measured by an autoanalytical 
method [5]. 

The serial SNP concentrations for each patient 
were analysed graphically and T7, calculated in 
each case using the STRIPE program [6] on a 
BBC microcomputer. In this program the data 


are fitted by a one- or two-compartment model . 


(i.e. one or two exponentials). The choice of 
model was made using Akaike’s Information 
Criterion [7]: as with most linear regression 
programs, the data are weighted equally. Linear 
correlations between the various measures were 
sought using the Minitab statistics package [8]. 


The immediate post-infusion plasma SNP, plasma 
HCN and RBC HCN concentrations, together 
with the increase in plasma SCN- concentration 
over the period of infusion, are shown in table 
II. A good correlation was found between plasma 
SNP concentrations and red cell and plasma 
HCN values, SNP dose and dose rate, as reflected 
in the linear correlations (dose rate vs plasma 
SNP: r= 0.66, P<0.001; vs RBC HCN: r 
= 0.55; vs plasma HCN: r = 0.61, P < 0.01). The 
increases in plasma SCN- were small and with a 
more consistent relation to infusion time (r = 


» 0.63, P < 0.01) than to the infused dose of SNP (r 


= 0.30, P > 0.1). 

The clear relationship between MAP values 
and plasma SNP concentrations, expressed as a 
percentage of those at the termination of infusion, 
is illustrated both by the plots of mean values (fig. 
1) and by the correlation (r = —0.99, P < 0.001) 
between MAP and the log mean SNP con- 
centration (fig. 2). 

The changes in the mean values of plasma 
HCN, RBC HCN and plasma SCN™ concen- 
trations and those of plasma SNP concentrations 
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TABLE II. Concentrations of plasma SNP, plasma and red cell HCN and change m plasma SCN- (A SCN) at the end of the 
infusion of SNP, together with calculated half-lives of the two phases of SNP decay. t Post-SNP values unavatlable; those tn 
parentheses are I-min values and not included in the calculation of means, SD and medians at the base of the table. § Pre~-SNP 





value unavailable 
Plesma concns SNP half-lives 
a a a EE AEE RBC Scenes 
Patient SNP HCN A SCN- HCN Ty TP 
No. (ug litre4) (umol litre~4) (pmol litre*) (umol litre?) (min) (min) 
l 145 0.71 5 28.4 0.87 56.2 
2 176 0.27 1 13.7 0 79 0.0 
3 58 0.31 5 9.8 1.39 12.9 
4 65 0.49 3 27.5 0.44 88 
5 159 1.10 7 87.8 0.52 8.6 
6 36 0.11 14 3.5 0.51 2.1 
7 32 0.17 17 10.5 0.71 15.7 
8 243 0.99 27 58.9 2.98 5.4 
9 64 0.37 11 17.3 0.92 10.0 
10 139 0.29 16 16.7 1.00 6.1 
11 85 0.63 19 36.8 1.00 18.5 
12 22 0.17 14 5.3 195 16.8 
13 137 1.34 (2)T 91.0 0.41 9.2 
l4t (48) (0.23) (2)+ (20.7) 0.80 19.4 
15 0.81 0 42.5 0 36 17.7 
16 154 0.68 —| 16.7 0.37 22.5 
17 209 0.92 13 31.0 0.51 5.8 
18 85 0 42 12 28.6 0.79 0.0 
19 216 0.43 —§ 30.1 0.69 4.7 
20 241 1 31 —4 99.0 0.71 172 
Mean 123.5 061 9.1 34.5 0.89 14.3 
sD 71.6 0.38 8.7 29.2 0.62 120 
n 19 19 17 19 20 18 
Median 137 0.49 11.0 28.4 0.75 11.5 
100r < 
= 
2 MAP 
= t neB 
5 M n«18 neiQ 
= 50 n=20 
N 
o +” n8 
5 netQ 
a. 
n20 ë 5 n=18 ne7 nalQ 
nef ° 5. SNP 
012 35 5 10 5 


Tıme after SNP infusion (min) 


Fic. 1. Mean (SEM) plasma concentrations of nitroprusside (SNP) and arterial pressure values (MAP), 
expressed as a percentage of the immediate post-infusion values, plotted against time after infusion. 


during the 15 min following infusion, are illus- volumes at each sample time decreased over the 
trated in figure 3. The decrease in mean plasma course of infusion (mean (sD) 39.6 (4.7)% before 
HCN closely followed that of the plasma SNP (r infusion, 36.1 (4.6)% after infusion), in no patient 
= 0.95, P < 0.001). Although mean packed cell was there a significant change during the following 
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15 min (35.5 (4.5)% at 1 min; 36 (4.9)¥ at 15 min) 
and thus plasma concentrations of SNP and HCN 
were unlikely to have been influenced by changes 
in volume during this period. 

The mean SNP concentrations plotted on a log 
scale against time (fig. 4) suggest that the in vivo 
decay of SNP probably takes the form of a bi- 
exponential curve. The biphasic nature of the 
decay was confirmed; individual values for the 
half-lives of each phase (7;°, 7;°) determined by 
the STRIPE computer program [6] are listed in 


table IJ. Mean (sD) values were: Tọ% 0.89 
100 
fu -0.993 
a IOF Ne p<0.001 
£ 
E 
£ 80 
[al 
< 
2 70 
Cc 
S 
= 60 
50 
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Fic. 2. Mean MAP plotted against the log of the mean plasma 
SNP concentrations following infusion. 
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(0.62) min (m = 20); T} 14.3 (12) min (m = 18). In 
two subjects no B-phase was apparent. 


DISCUSSION 


This study shows that in patients receiving SNP 
at an average dose of 0.22 (sp 0.13) mg kg™ over 
a mean infusion time of 79.3 (36.5) min, post- 
infusion blood concentrations were small, ranging 
from 20 to 243 ņg litre! (mean 123.5 
(sD 71.6) ug litre!) (table II). The initial rate of 
decay was rapid, so that at 15 min plasma SNP 
concentrations were, in most cases, near to the 
lower limit of the assay (7.7 (4.5) pg litre"). 

Few other measurements of blood concentra- 
tions of SNP have been reported. Rodkey and 
Collinson [9], measuring plasma SNP by the 
quantitative release of HCN in a reaction with 
cysteine, found concentrations of approximately 
3.7 mg litre~! at the end of infusion in a baboon 
receiving 3.01 mgkg?! over the course of Lh. 
They also found that SNP was still present in the 
animal’s blood 3h after infusion ended. 

Desprez and colleagues [4] measured plasma 
SNP colorimetrically in patients receiving long- 
term infusions for malignant hypertension and 
reported surprisingly high prolonged concen- 
trations of 15, 24 and 28 mg litre! at 3.5, 19.5 and 
5 h, respectively, after infusion. 

After infusion, plasma HCN concentrations 
decline rapidly as HCN passes readily into the 


Time after end of infusion (min) 


Fic. 3. Mean plasma concentrations of nitroprusside (SNP) (@), cyanide GHCN) (A) and thiocyanate 
(SCN™) (A) and RBC concentration of HCN (O), before and after infusion of SNP. Because of the 
variable infusion times (mean 79.3 (365) min), doses (0.22 (0.13) mg kg!) and dose rates (3.1 


(1 5) mg kg 


min“!), the sp were large and, to aid clarity, are nət shown. Decreasing mean plasma 


concentrations of HCN showed a correlation (r = 0 955, P < 0001) with the declining mean plasma 
concentrations of SNP. 
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FIG. 4. Mean sodium nitroprusside (SNP) concentrations plotted on a log scale against the time elapsing 
after the end of infusion, and showing two distinct phases (a and fB) of SNP decay. 


erythrocytes [10] and undergoes detoxication, 
producing an increase in plasma SCN- (fig. 3). If, 
as has been assumed, plasma HCN results from 
the breakdown of SNP, its decline should be 
related to the post-infusion reduction in plasma 
SNP. Our data show a good correlation between 
the mean plasma concentrations of HCN and the 
mean plasma concentrations of SNP after infusion 
(r = 0.95, P < 0.001). 

Our results confirm that the rapid increase in 
arterial pressure following infusion is a direct 
result of the more rapid decay of the drug in vivo 
than in vitro (mean MAP vs log SNP con- 
centration, r = — 0.993). They also indicate either 
that SNP degradation is more rapid in vivo or that 
there is an additional mechanism for its removal 
from the circulation. The latter may be true, as 
our data suggest that its decay is probably biphasic 
(fig. 4) with a mean T” of 0.9 (0.6) min and a mean 
T} of 14 (12) min (table II). 

H6bel and Raithelhuber [11] gave bolus doses 
of SNP 0.4 mg kg“! and 6.25 mg kg™! to rats and 
showed monophasic T, of 2 and 27.5 min, re- 
spectively. Kreye and Reske [3] also reported 
monophasic decay, with a mean (sp) T, of 4.7 
(1.1) min, in rats (m= 3) infused with SNP 
100 ug min“ for 20 min (300 pg kg-t min). SNP 
was measured by injecting samples of the animals’ 
blood into host rats and noting the hypotensive 
response. They also showed that the head, limbs, 
liver and kidneys in the rat each removed about 
30% of the SNP from the blood passing once 
through their capillary beds; the lungs removed 


none. They concluded that the decrease in SNP 
resulted from rapid passage into interstitial fluid. 
It is possible that this mechanism is responsible 
for the short a-phase, whereas the B-phase, with a 
longer T} may be caused by slower decomposition 
in the blood itself, as demonstrated by our in vitro 
studies [2]. 

‘The conclusions concerning the biphasic nature 
of the in vivo decay of SNP based on our data, can 
only be tentative. Doses and duration of SNP 
infusions were non-uniform, leading to wide 
variance in the results, whilst the relatively small 
doses, coupled with rapid breakdown of the 
infused SNP, resulted in small plasma 
concentrations. As a consequence, although rela- 
tively large blood samples were taken, in most 
cases accurate measurements were not possible 
beyond 15 min after infusion. The volumes of 
blood required also placed a limit on the number 
of samples that could be taken and duplicate 
measurements were impossible. In order to obtain 
an accurate assessment of SNP decay, more 
frequent blood sampling over a long period is 
required. However, the close correlation between 
the increase in arterial pressure and the decrease 
in SNP concentrations would appear to confirm 
the validity of our results and the bi-exponential 
nature of SNP decay. 

The close correlation between the decrease in 
SNP concentration and the increase in arterial 
pressure suggests that SNP, rather than any 
photochemical product produced during ad- 
ministration, is responsible for the hypotensive 
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effect. As the assay has been shown not to be a 
source of artefactually produced HCN [2] and the 
infusion solutions were protected from light, the 
increase in free HCN during infusion must result 
from im vivo degradation. The close association 
between the decreases in plasma concentrations of 
HCN and SNP following infusion is a further 
indication of this fact. Thus, contrary to the 
assertions of others, SNP decomposition occurs in 
vivo [12] and in the plasma [13], which reinforces 
our previous conclusion [2] that rigorous pro- 
tection of the infusion from light does not decrease 
the toxic potential of SNP. 
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METABOLIC EFFECTS OF SODIUM NITROPRUSSIDE ON 
THE PIG KIDNEY IN VIVO: STUDIES BY PHOSPHORUS-31 
MAGNETIC RESONANCE SPECTROSCOPY 


F. PARIVAR, P. B. BARKER, L. W. JONES AND B. D. ROSS 


SUMMARY 


Phosphorus-31 magnetic resonance spectro- 
scopy was applied to the pig kidney in vivo to 
determine the metabolic effects of infusion of 
sodium nitroprusside, and of more severe hypo- 
tension produced by venesection or halothane. 
Sodium nitroprusside 7-20 ug kg min! re- 
duced mean systemic arterial pressure (AP) of the 
pig trom 89 to 46 mm Hg. Glomerular filtration 
rate and total sodium reabsorption were reduced 
proportionally. Renal metabolism, assessed by 
the ratio [ATP]: [Pi] (inorganic phosphate), did 
not change. Adding halothane or venesection to 
nitroprusside hypotension caused a further re- 
duction in systemic AP to 42 and 39mm Hg, 
respectively. Renal [ATP] decreased in direct 
proportion to mean AP. It is concluded that 
sodium nitroprusside, even in high doses, does 
not reduce renal oxygen delivery as assessed by 
the ability of the kidney to maintain normal ATP 
content. However, haemorrhage or an increase in 
halothane dosage results in irreversible damage 
to the energy producing processes of the kidney. 
This may be relevant to the clinical use of the 
drug. 
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Sodium nitroprusside (SNP) is used to reduce 
arterial pressure (AP) in surgical procedures [1, 
2]. Hypotension reduces glomerular filtration rate 
(GFR), which is virtually always recoverable [3]. 
On the other hand, it has been shown that SNP in 
clinical doses has some protective effect on renal 
blood flow (RBF) [4, 5]. However, the safe limits 


of hypotension for renal metabolism are unclear. 
It is possible that the degree of hypotension 
observed clinically with SNP might reduce the 
effective RBF and therefore result in metabolic 
changes in the kidney, and that these may not be 
as readily reversible [6, 7]. 

Phosphorus-31 magnetic resonance spectro- 
scopy (4P-MRS) has been used extensively to 
document changes in the kidney of rats in vtvo 
during haemorrhagic hypotension. A significant 
reduction in ATP content and increases in 
inorganic phosphate concentration ([Pi]) and 
intracellular hydrogen ton concentration (acid- 
osis) were observed [6]. The AP at which these 
changes were first observed was within the range 
of pressure used clinically with SNP [2}. Our own 
recent studies, using an isolated perfused pig 
kidney, showed whole kidney and renal cortical 
metabolite changes at an AP of 40 mm Hg [8]. 
These changes may be more extreme because of 
the non-physiological state of isolated perfused 
pig kidney. 

To establish the renal metabolic effects of 
hypotension caused by SNP in vivo, we monitored 
AP, renal function and **P-MRS of the kidney of 
the pig during infusion of doses of the drug in 
excess of that used commonly in clinical practice. 


MATERIALS AND METHODS 


We have developed a surgical preparation which 
permits repeated *4P-MR spectra to be obtained 
for periods of up to 9h from intact kidney of the 
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anaesthetized pig. Eleven mature male pigs (Great 
White strain, mean weight of 15.2kg) were 
studied and allowed free access to water before 
operation. In eight pigs, ""P-MRS was performed, 
and in three the dose response of systemic AP 
to SNP was established, but MRS was not 
performed. 

Anaesthesia was induced with ketamine 
hydrochloride (Ketaset, Bristol Laboratories) 
22mgkg™' and * xylazine (Rompum, Haver) 
2 mg kg“! i.m. The trachea was intubated with a 
size 6 Portex tracheal tube and lungs were 
ventilated with a Harvard ventilator (Harvard 
Apparatus-Model 613) at a frequency of 16-20 
b.p.m. and tidal volume of 200 ml. Anaesthesia 
was maintained with 0.5-1 % halothane in oxygen 
4 litre min`t. Right nephrectomy was performed 
through a subcostal incision. An arterial cannula 
was placed in the aorta by direct puncture at or 
about the level of the renal arteries, to monitor AP 
and obtain samples at 30-min intervals. A second 
cannula was placed in the inferior vena cava (by 
direct puncture) for infusion of fluids and venous 
blood sampling. With the catheters in place, the 
incision was closed and the other Kidney was 
exposed through a left subcostal incision and the 
left ureter cannulated using an 8-French gauge 
Argyle catheter. 

The kidney was placed in a 10-cm diameter 
dish with a notch on the medial aspect to 
accommodate the renal vessels and the ureter. A 
9.5-cm diameter acrylic cylinder (Plexiglass) of 
6 cm height was lowered over the kidney so that 
the kidney lay within the cylinder, and the dish 
occluded one end. Both cylinder and dish were 
covered with copper foil, acting as a Faraday 
shield, to exclude magnetic resonance signals 
from the adjacent muscle masses. The muscles of 
the abdominal wall, subcutaneous fat, skin and 
other extraperitoneal tissues were also excluded 
from the sensitive volume of the coil by this 
device. To avoid drying and to prevent shorting of 
electrical capacitors, the kidney was wrapped in a 
plastic bag and positioned anatomically inside the 
radio frequency (RF) coil (fig. 1). 

Finally, the pig was placed inside a cradle 
designed to fit the bore of the magnet. The RF 
coil was fixed to the cradle to prevent respiratory 
movements of the kidney. The cradle, with the 
animal in it, was placed in the magnet. Core body 
temperature was recorded electronically via an 
intra-oral probe (Digi-Sense, Cole Parmer, model 
No. 8523-00) and warm air was blown con- 











Ureter Artery Ven 


Fic. 1. Diagram of the isolated kidney inside the coil. (See 
methods for details.) 


tinuously inside the bore of the magnet to 
maintain body temperature. With this arrange- 
ment, bore temperature was maintained at 
32+1°C. AP was monitored by a Honeywell 
Simultrace Recorder (Model AR-6). To maintain 
fluid balance and continuous urine flow, phys- 
iological saline was infused i.v. at a mean rate of 
1.2 ml min“ and urine and blood samples were 
taken at 30-min intervals for measurement of 
serum electrolyte and creatinine concentrations. 
After 1h of normotension, hypotension was 
induced by administration of SNP in doses of 
7-20 pg kg min™! (mean 12 ug kg-t min`!) to 
obtain maximal hypotensive effects. After infusion 
of SNP, further hypotension was produced by one 
of two methods: increase in inspired halothane 
concentration from 0.5% to 2.0% (n= 5), or 
venesection by withdrawal of 200-400 ml of 
blood (n = 3). Hypotension was maintained for a 
mean of 70 min (30-135 min), after which AP was 
restored to normal (by autotransfusion in the case 
of venesection). The period of hypotension was ` 
different in the 11 pigs in the study because of the 
different dose response to SNP, halothane and 
venesection in the animals. *4P-MRS was carried 
out during normotension, hypotension and re- 
covery. Spectra were recorded for up to 30 min 
after reversal of hypotension (n = 4). 


7- MRS methods 


All experiments were performed on a CSI-II 
spectrometer from General Electric Instruments 
(Fremont, California), equipped with a 4.7 T, 
33-cm bore magnet manufactured by Oxford 
Instruments (Oxford, U.K.). The kidney was 
placed at the centre of an oval two-turn Helmholz 
coil, 6.5x4cm diameter, the turns being 3 cm 
apart. The coil was doubly tuned to 81 MHz for 
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phosphorus-31 and 200 MHz for protons using 
the tuning circuit described [9]. The coil was used 
both to transmit and to receive. After shimming to 
a proton line width of 50 Hz or less, a hydrogen- 
1 image of the kidney was obtained using a 
standard spin-echo imaging sequence (TR 2s, 
TE 40 ms). The image was used to check the 
position of the kidney within the coil. The coil 
was then tuned to phosphorus-31 and spectra 
were recorded at 5-min intervals using the 
lowing spectral parameters: pulse width 150 us, 
spectral width 5 kHz, 1 K complex data points, 
2.2 s interpulse delay and 128 averages. A digital 
exponential filter corresponding to a line broaden- 
ing of 15 Hz was applied before Fourier trans- 
formation, followed by a frequency domain base- 
line deconvolution. Ratios of the metabolites were 
determined from peak height, since no absolute 
quantitation of metabolites was attempted. Ratios 
of peak heights are approximately proportional to 
the concentration of metabolites if the T, relax- 
ation times are similar [10]. The variation in T, 
between B-ATP and Pi is 0.99-1.08 s in rat kidney 
{11]. Therefore, using a repetition rate of 2.2 8, 
the relative saturation of the B-ATP and Pi would 
be similar. In a subsequent study, absolute 
quantitation of porcine renal metabolites by 
means of **P-MRS was undertaken [paper in 
preparation]. 

To overcome the difficulty of overlapping 
peaks, we have used the computer-determined 
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peak-height, referred from the corrected baseline 
of the Fourier-transformed spectrum. In the 
absence of phosphocreatine (PCr), pH was de- 
termined from the differences in the chemical 
shift of Pi and y-ATP. Previous authors have 
demonstrated that the chemical shift of a- and 
y-ATP are insensitive to pH [12-14], and either 
resonance may therefore be used as a reference. 
Good correlation between this and the standard 
pH assay (o = PCr—Pi) was obtained, where PCr 
was still observed in the “renal”? spectrum. 


RESULTS 


Effects of hypotension on renal physiological 
function 

One hour was allowed for equilibration of AP, 
urine flow and arterial blood-gas tensions of the 
pig within the bore of the magnet; thereafter the 
pigs maintained a constant state for up to 9h 
while anaesthetized with halothane. Table I shows 
AP, GFR and urine flow of the pigs in the present 
study, and published normal values [15]. In this 
study mean GFR was within physiological limits. 
Urine output was higher than published values 
for male pigs of same age and weight, but the high 
percentage of sodium reabsorption indicated that 
tubular function in this preparation was within 
normal physiological limits. 

The effect of nitroprusside on systemic AP was 
highly variable, and the dose required to produce 


TABLE I. Renal function in the in vivo pig kidney (mean (SEM)). Hypotension was produced by i.v. infusion of SNP with or 

without halothane or venesection. In two animals used as controls, AP was unchanged over the period of the entire experiment 

(108 (3) mm Hg). n= No. ammals, except *n = 9-13 individual measurements in 3-4 animals. Statistics: Student's t test 
compared wth control; ns = not significant (P > 0.05). n/a = Not available 


Mean AP GFR 
(mm Hg) (mi mint g`?) 
Published 64-145 0.31-0.75 
normal values 
Normotension 89 (6.5) 0.41 (0.07) 
(n= 11) (n = 11) 
Hypotension 
SNP 46 (6.9) 0.21 (0.09) 
(1 = 7) (n = 4)* 
P 0.0002 0.01 
SNP+venesecnon 39 (2.0) 0 04 (0.04) 
(n = 3) ("n = 3)* 
P 0.03 0.02 
SNP +halothane 42 (2.3) 0 
(n = 5) (n = 5) 
P 0.001 0.005 
Recovery 77 (57) 0 32 (0 18) 
(n = 6) (n = 6) 
P ns ns 


Urine Reabsorption TNa 
(mi min™*) of Na (%) (umol min!) 
0.025-0.125 n/a n/a 
0.38 (0.08) 98.5 (0.28) 28 (4.4) 
(n = 11) (n= 11) (n= 11) 
0.20 (0 03) 98.6 (0.57) 5.62 (2.9) 
(n = 4)* (n = 4) (n = 4) 
0.007 ns 0.003 
0.04 (0.04) 97 9 (0.2) 3.33 (3 33) 
(n = 3)* (n = 3) (n = 3) 
0.01 ns 0.01 
0 0 0 
(n = 5) 

0.007 0.0001 0 
0.31 (0.12) 98.5 (1.0) 24.33 (11) 
(n = 6) (n = 5) (n = 6) 
ns ns ns 
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Fig. 2. Effect of increasing doses of SNP on arterial pressure (AP) and glomerular filtration rate (GFR). 

Seventy-five minutes was allowed for equilibration of AP and GFR. In this experiment, increasing the 

dose of SNP had a graded but non-linear effect on AP. Note the well preserved but reduced GFR during 
130 min of hypotension. 


significant hypotension varied widely. SNP 
7.0—20 ug kg! min“! i.v. (the recommended clini- 
cal dose is 3-5 ug kg min), resulted in a 
reduction in mean AP of 28-43% from control 
values, to 46 (7) mm Hg (P < 0.0002). Increasing 
doses of SNP caused further hypotension. Figure 
2 shows a representative experiment in which the 
dose response of AP to SNP was established. 
Doses of SNP in excess of 15 ug kg? min™ i.v. 
did not result in further hypotension. The dose 
required to produce hypotension differed from 
one animal to the next and therefore the unifying 
point in these experiments was the smallest AP 
attained and not the dose of SNP. For this reason, 
data from the 11 pigs in the study shown in table 
I are pooled. Increasing halothane or venesection 
reduced AP further, by 9% and 15% (P < 0.05 
and 0.07), respectively. On cessation of SNP 
infusion, significant recovery (P < 0.7 vs control) 
occurred in the majority of animals. In five of the 
11 pigs, AP did not recover, presumably because 
of prolonged hypotension with a combination of 
SNP and halothane or venesection. Hypotension 
produced the anticipated effects on renal function 
(table I), with significant reductions in GFR, 
urine flow and total sodium reabsorption (TNa). 


“P-MRS 
Figure 3A shows a representative phosphorus- 
31 spectrum of the pig kidney under normotensive 


conditions. Resonances are identified from chemi- 
cal shift of (from left to right): phosphomonoester 


(PME); inorganic phosphate (Pi); phosphodiester 
(PDE), including glycerophosphoryl choline 
(GPC); y-, a- and B-phosphates of ATP. Tissue 
pH in this spectrum was 7.41 and the corre- 
sponding blood pH was 7.40. The mean 
[ATP]: [Pi] in this representative experiment was 
1.01 +0.05 and the tissue pH was 7.41 +0.02. The 
ratios of metabolites calculated from peak heights 
were similar to those reported previously for rat 
kidney im vivo [13,16] and showed improved 
overall renal oxygenation for this in vivo pig 
kidney compared with the isolated perfused pig 
kidney [8]. 

Over the course of 3h, [ATP]:[Pi] did not 
decrease in two kidneys in which no drug was 
administered (final [ATP] :[Pi] = 1.01). Adminis- 
tration of SNP did not produce any change in the 
ratio [ATP]:[Pi], and intra-renal pH remained 
unchanged (table IJ), even at a mean AP of 
46mm Hg. However, even a modest further 
reduction in AP, produced by the addition of 
halothane or by venesection, resulted in a sig- 
nificant reduction in renal [ATP]:[Pi] (fig. 4, 
table II). The [ATP]:[Pi] observed was reduced 
by 25% with halothane and 51% with vene- 
section. Renal [ATP]:[Pi] appeared to be cor- 
related significantly with systemic AP (r = 0.50) 
below the inflexion point which occurred at 46 +7 
mm Hg. Recovery of [ATP]:{Pi] was noted in 
only four of eight animals, and in those was 
significantly less than the normotensive controls 
(table II). 
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Fic. 3. Normal ®P-MR spectrum of the pig kidney m otvo 
(A). Resonances from left to right are: phosphomonoester 
(PME), inorganic phosphate (Pi), phosphodiester (PDE) and 
three large peaks for y-, a- and B-ATP, respectively. 
[ATP]: [Pi] in this spectrum was 1 06. During SNP infusion 
(B) there was virtually no change m [ATP] and [Pi] 
({(ATP]: [Pi] = 1.05). Increasing halothane (c) and vene- 
section (D) produced significant reduction of [ATP]:[Pi] in 
these experiments, to 0.65 and 0.24, respectively. 
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TABLE II. Metabolite ratios and tissue pH (mean (SEM)) of in 

vivo pig kidney during normotension, hypotension and recovery 

measured by peak heights. Control animals that did not receive 

any SNP showed no significant decline of [AT P|:[P1] durtng 

the course of the experiment. n = No. ammals except *n = 10 

individual measurements ın two antmals. Statistics; Student’s 
t test compared with control; ns = not significant (P > 0.05) 


[ATP] : [Pi] Tissue pH 
Normotension 0 95 (0.05) 7 41 (0 02) 
(n = 8) (n = 8) 
Hypotension 
SNP 0.94 (0.15) 7 41 (0.04) 
(n = 5) (n = 5) 
P ns ns 
SNP + venesection 0.46 (0,32) 7.18 (0.21) 
(n = 2)* (n = 2)* 
P 0.02 0.02 
SNP + halothane 0.71 (0.08) 7.38 (0.02) 
(n = 5) (n = 5) 
P 0.008 ns 
Recovery 0.52 (0.13) 7.46 (0.03) 
(n = 4) (n = 4) 
P 0.03 ns 
120 
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Fig. 4. Effect of mean systemic arterial pressure (AP) on 
intra-renal [ATP]:[Pi] in the pig. [ATP]:[Pi] of the in situ 
porcine kidney was monitored continuously by *4P-MRS. AP 
was reduced by sodium nitroprusside (SNP) (O) (n =5), 
followed by venesection (X) (n = 2) or halothane (©) (n = 5), 
Bars represent SEM. Kidneys examined in control pigs (@) 
(n = 2) over an equivalent time period showed no significant 
change in [ATP]:[{Pi] compared with normotensive pigs (A) 
(n = 8) during the experiment. Differences from control: not 
significant for SNP; P < 005 for venesection and for halo- 
thane. 


DISCUSSION 


Hypotension produced by SNP results in a 
reduction in GFR and urine flow which is 
virtually always recoverable [3]. On the other 
hand, it has been shown that SNP in clinically 
recommended doses has some protective effect on 
RBF [4,5]; in high doses RBF, cardiac output 
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and total peripheral resistance are reduced [5] and 
heart rate is increased [17]. We have also noted an 
increase in heart rate and a small (6 %) increase in 
RBF during infusion of SNP (results not pre- 
sented in full). It is possible that this was 
responsible for maintaining and preserving [ATP] 
during SNP-induced hypotension. Another poss- 
ible explanation is that [ATP] was affected 
differently in various kidney regions under the 
influence of SNP. 

In this study, a 49% decrease in AP produced 
by SNP resulted in a 49% decrease in GFR. This 
was accompanied by an 80% change in TNa, 
from 28 to 5.6 umol min“. This reduction in TNa 
may have caused some conservation of renal ATP 
in the relevant tubular structures—ere. thick 
ascending limb in the outer medulla. It is 
postulated, therefore, that [ATP] in this region 
increased during hypotension, that medullary 
[ATP] increased by virtue of a decreased demand 
for sodium transport, and that this off-set any 
decrease in cortical [ATP] caused by reduced 
RBF. The net effect is an unchanged [ATP]: [Pi] 
for the kidney as a whole. Separate analysis of 
cortical and medullary [ATP] is now feasible 
in vivo using a technique of spectroscopic local- 
ization [8], and this hypothesis is the subject of a 
current study. 

The further reduction in AP of 9-15% pro- 
duced by venesection or increase in dose of 
halothane had profound effects on renal energy 
metabolism. TNa was reduced further; this 
should have resulted in a further increase in 
[ATP], as it was not used for Na transport. 
However, we must presume that a critical re- 
duction in RBF occurred at these low values of 
AP, resulting in a decrease in [ATP] which was 
not reversible. We have noted that, whilst the 
functional recovery of the kidney was almost 
complete, metabolic recovery was not and re- 
covery of [ATP] was always incomplete in those 
animals that survived. 

Intra-renal pH is normally a sensitive indicator 
of renal hypoxia [7]; this was not altered sig- 
nificantly by SNP or halothane in this model. We 
presume that RBF after SNP and halothane was 
sufficient to wash out any excess lactate formed. 
Systemic lactic acidosis, normally observed with 
excess doses of SNP [1], was constantly corrected 
in these studies by intermittent administration of 
sodium bicarbonate and by ventilation, main- 
taining arterial pH close to 7.4, and arterial Pco, 
at 4-5.3 kPa. It is possible therefore, that cor- 
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rection of this systemic acidosis prevented obser- 
vation of any significant change in intra-renal pH. 

During clinical use of SNP, maintenance of 
effective RBF is of utmost importance. In this 
study, although SNP, even at high doses, did not 
affect the energy producing processes of renal 
cells, in combination with halothane or haem- 
orrhage it may result in irreversible damage to 
these processes. The importance of this reduction 
in [ATP] for tubular function is not clear, but 
reduced renal [ATP] has been thought to induce 
acute renal failure [11]. The advent of practical 
clinical 3% P-MRS may make similar investigations 
feasible in man. 
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TOTAL I.V. ANAESTHESIA WITH 
PROPOFOL-ALFENTANIL OR PROPOFOL-FENTANYL 


M. JENSTRUP, J. NIELSEN, K. FRUERGARD, A.-M. MØLLER 


AND F. WIBERG-JORGENSEN 


SUMMARY 


In combination with propofol, alfentanil was 
compared with fentanyl for total iv. anaesthesia 
in 29 women (ASA classes |, II) admitted for 
elective hysterectomy. Infusion rates of propofol 
and fentanyl were determined from the literature 
and from pilot studies, while alfentanil was given 
according to a computer program. Dosage was: 
propofol, bolus 1.5 mg kg“, infusion 9 mg kg! 
h for 10min and thereafter 6 mg kg" h; 
fentanyl, bolus 7.5 ug kg", infusion 
15 ugkg'h" reduced successively to 
1.8 ug kg h'; alfentanil, bolus 60 ug kg, in- 
fusion 240 ug kg h reduced successively to 
100 ug min. Induction was smooth and main- 
tenance easy to manage in both groups. Plasma 
concentrations were stable with a ratio of 
alfentanil to fentanyl of 100:1. Recovery times 
were equal and short, but recovery tests per- 
formed 3 h after operation showed that alfentanil 
produced a greater effect on ability to con- 
centrate and fine co-ordination. 


KEY WORDS 


Anaesthetics intravenous propofol. Anaesthetic techniques’ 
intravenous infusion Analgesics alfentanil. fentanyi 


Total i.v. anaesthesia (TIVA) has gained some 
popularity, partly in order to reduce pollution by 
volatile agents. Until recently the i.v. hypnotics 
have been unsuitable for infusion because their 
pharmacokinetic profiles make maintenance of 
anaesthesia difficult to control without nitrous 
oxide. However, propofol (Diprivan) has proven 
to be suitable as a hypnotic for TIVA. The drug 
has a fast onset of action and rapid metabolism 
without accumulation [1,2]. Propofol has no 
analgesic effect and is administered, therefore, in 
combination with a potent analgesic. 


Both fentanyl (Haldid) and alfentanil (Rapifen) 
have been used in combination with propofol 
[3-5] for TIVA. The aim of this study was to 
evaluate which analgesic is preferable. 


PATIENTS AND METHODS 


Thirty women (ASA I, IJ) admitted for elective 
hysterectomy, were allocated randomly to two 
groups to receive TIVA with propofol and either 
alfentanil or fentanyl. 

Patients were excluded if they had a history of 
hepatic, renal, cardiac, neurological, psychiatric, 
respiratory or metabolic disease, a body weight 
exceeding 20 % of ideal [6], or a history of allergy 
or previous adverse response to general anaes- 
thesia. All patients gave informed consent before 
participating in the study, which was approved by 
the local Ethics Committee. 


Anaesthetic technique 


The patients were premedicated with diazepam 
0.2 mg kg orally 2 h before surgery. 

Drug doses were determined according to lean 
body weight as given by the metropolitan tables, 
estimating the ideal weight for height in pro- 
portion to build [6]. This was an attempt to assess 
the dose of anaesthetics according to volume of 
distribution. 

The infusion profile of alfentanil was found 
using the computer program of Maitre and 
colleagues [7], which allows prediction of the 
alfentanil plasma concentration from input of a 
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series of doses. The program acts as a com- 
puterized patient model. Applying the program, 
we calculated a dose scheme designed to produce 
a plasma concentration of alfentanil 300 ng ml“ 
during maintenance. Pilot studies showed this 
gave a satisfactory anaesthetic. 

‘The infusion profile of propofol was determined 
from the literature [3, 4, 8] and our pilot studies, 


as was that of fentanyl [9]. In the first group the. 


patients had a bolus of fentanyl 7.5 ug kg and 
propofol 1.5 mg kg. The initial infusion rates 
were propofol 9mgkg th?! and fentanyl 
15 ug kg h~. After 10min the doses were 
reduced: for propofol to 6 mg Kkg™! h™ until last 
skin suture, and for fentanyl to 6 ug kg + h~! for 
the first 1 h, then to 3pgkg"h™4, and after 
90 min to 1.8 pg kg! h-!. The infusion of fentanyl 
was stopped when the peritoneum was closed. 

In group 2, propofol was given in the same dose 
as in group 1. Alfentanil was given as a bolus of 
60 ug ke~!, followed by an initial rate of infusion 
of 240 ug kg h™!. After 10min, the rate was 
reduced to 180 ug kg“! h~! and successively after 
30 min to 120 ug kg? h~. After 1h all patients 
received 100 pg min until closure of the ab- 
dominal fascia. 

Isotonic saline 15 ml kg”! was given i.v. for the 
first 1 h, then 7.5 ml kg! to a total of 2000 ml and 
thereafter 3mlkgth~™. Loss of blood wads 
replaced by saline 2.5 ml per ml blood lost. Depth 
of anaesthesia was gauged by clinical signs and by 
recording the peripheral pulse wave amplitude 
[10]. An increase in arterial pressure or heart rate 
of more than 15% above baseline, reduction in 
peripheral pulse wave amplitude by more than 
50%, or both, were regarded as signs of light 
anaesthesia. If this persisted for more than 5 min, 
a bolus of analgesic was given: 50 ug of fentanyl or 
0.5 mg of alfentanil, as appropriate. Pancuronium 
(Pavulon) 0.80 mg kg™ was given to facilitate 
tracheal intubation and further boluses of 2.0 mg 
were given, depending on the degree of neuro- 
muscular block as assessed by train-of-four (TOF) 
stimulation of the ulnar nerve (Myotest: Odense, 
Denmark). If involuntary movement occurred, 
the bolus of pancuronium was supplemented with 
propofol 0.5 mg kg. Residual neuromuscular 
block was antagonized with pyridostigmine 
(Mestinon) 10mg with glycopyrrolate 0.4 mg. 
The peripheral pulse wave amplitude, TOF and 
peripheral temperature were measured in the arm 
opposite to the site of i.v. infusion. Ventilation 
was controlled using oxygen in air (Flo, approxi- 
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mately 0.4) and normoventilation was maintained 
as assessed by capnography (Normocap, Datex). 
The trachea was extubated when the patient was 
breathing spontaneously and able to open the eyes 
and raise the head on command. 

ECG was monitored continuously. Drugs were 
given by infusion pump (Injectomate, Fresenius). 
Heart rate and arterial pressure were measured by 
automatic non-invasive monitor (Dinamap, 
Critikon) on arrival at the operating theatre, 
subsequently every 2 min for the first 10 min after 
induction, and at 5-min intervals thereafter. 
Measurements were obtained before and after 
skin incision, before insertion of a self-retaining 
retractor, during traction of the uterus, on 
removal of the self-retaining retractor and at the 
end of the operation. 

A radial artery was cannulated and blood 
sampled 10, 30 and 60 min after the first bolus, at 
the end of infusion and when the patient opened 
the eyes. Blood was analysed for plasma concen- 
trations of propofol, alfentanil and fentanyl. 
Plasma concentrations of fentanyl and alfentanil 
were estimated using the radioimmunoassays of 
Michiels, Hendriks and Heykants [11, 12]. Plasma 
concentrations of propofol were analysed using 
high pressure liquid chromatography with fluor- 
escence detection [13]. 

Emergence time was defined as the interval 
from the end of infusion of propofol until tracheal 
extubation. Recovery time was defined as the 
interval from tracheal extubation until the patient 
could give her date of birth. For the following 3 h, 
morphine was given i.v. on demand in single 
doses of 5 mg. Analgesic requirements were noted 
and ventilation was assessed by arterial blood-gas 
analysis 30 and 60 min after operation. Side effects 
were recorded at induction, and during main- 
tenance of anaesthesia and the first 3 h of recovery. 


Assessment of recovery 


After initial familiarization, patients performed 
a range of tests on the day before operation and 
again 3 h after operation. The difference between 
the two performances was used to assess quality of 
recovery. Vigilance and the ability to concentrate 
were assessed by the Bourdon—Wiersma test 
[14, 15} a paper and pencil test in which the 
patient was shown a sheet of paper containing 
rows of o spaced randomly in groups of three, four 
and five. The patient was asked to draw a line 
through each group of four o and the test was 


scored by the number of lines completed correctly. 
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Immediate memory was assessed by asking the 
patient to repeat a span of digits up to nine 
[15,16]; the number of sequentially correct 
remembered digits was recorded. To evaluate fine 
co-ordination and speed of function, we used the 
pegboard test [15, 17]. The patient was given a 
board with 48 holes, each containing a peg 
coloured black at one end, and asked to turn as 
many pegs as possible in 45 s. Co-ordination of 
visual and proprioceptive sensations was recorded 
using the post-box test [15, 18]. This comprised a 
box with 18 differently shaped holes and 18 
appropriate bricks; the patient was to place as 
many bricks as possible into the box in 40 s. 

Retrograde amnesia was assessed by showing a 
bank note immediately before induction. After 
anaesthesia, the patient was asked if she recalled 
having seen any object before induction. Ability 
to retain new facts (the degree of anterograde 
amnesia) was assessed by a picture card test 
{15, 19,20]. As soon as the patient regained 
consciousness she was shown a card depicting 
nine every-day objects and was asked to memorize 
them. After 3h the patient was shown a card 
depicting 15 objects and was asked which pictures 
she recognized as being of the original nine. The 
number of correctly identified pictures minus the 
incorrect ones was recorded. 


Statistical analysts of data 

Data were analysed using a one-sample rank 
sum test (Wilcoxon’s one sample test) and a two- 
sample rank sum test (Mann-Whitney test). All 
values given are in medians and Ist and 3rd 
quartiles. When P < 0.05 the null hypothesis was 
rejected. Differences and changes are referred to 
in the text only when statistically significant. 


RESULTS 


The groups were comparable in age, weight and 
lean body weight and duration of anaesthesia and 
surgery (table I). One patient in the alfentanil 
group was excluded because of technical prob- 
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lems. Induction of anaesthesia was smooth for all 
patients and maintenance easy to manage. 


Drug requirements and plasma concentrations 

The total quantity of propofol given was equal 
in the two groups. Analgesic requirements for 
fentanyl were 9.6 (7.2—10.8) ug kg“! h~ and for 
alfentanil 153.6 (142.8-167.4) ug kg h- (table 
IT), a ratio of 1:16. An extra bolus of analgesic was 
given to six of 14 patients in the alfentanil group 
and eight of 15 in the fentanyl group. 

The plasma concentration of alfentanil was 
stable from the first measurement (10 min) at 
approximately 350 ng ml, while the plasma 
concentration of fentanyl was stable from the 
second measurement, 30 min after induction, at 
about 3.5 ng ml-?. The plasma concentration of 
propofol was stable from the first measurement 
(10 min) and was equal in the two groups. Median 
values were in the range 2.5-3.0 pg ml“. 


Haemodynamics 

In both groups there was a significant reduction 
in systolic arterial pressure from control value 
until after induction, but before intubation 
(4 min). The decrease was 25 (14-40) mm Hg in 
the fentanyl group and 40 (24-54) mm Hg in the 
alfentanil group. Laryngoscopy and intubation 
(the period from 4 to 8 min after induction) 
caused no change in the alfentanil group and only 
a minor increase in diastolic pressure in the 


TABLE I. Demographic data (median (1st and 3rd quartiles)) 


Fentanyl Alfentanil 
group group 
n 15 14 
Age (yr) 41 (38-44) 43 (40—46) 
Weight (kg) 64 (59-69) 72 (63-78) 
Lean body weight 63 (55-65) 64 (56-70) 
Duranon of 120 (99-137) 112 (99-124) 
angesthesia (mun) 
Duration of 90 (70-111) 84 (74-97) 
surgery (min) 


e—a 


TABLE II. Consumptions of propofol, fentanyl and alfentaml (medians (1st and 3rd quartiles)) 


Fentanyl Alfentanil 
group group 
Propofol (mg kg™! h») 6.9 (6.2-7.5) 6.5 (6.1-7.3) 
Fentanyl (ug kg? h71) 9.6 (7,2~10.8) 


Alfentanil (g kg~? h1) 


— 153.6 (142.8-167.4) 
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TABLE III. Emergence time (interval from end of infusion to time of voluntary headlift), recovery time 


(interval from extubation to time of giving correct date of birth) PCO, 30 and 90 min after end of 
operation and requirement for postoperative analgesia (morphine) (median (1st and 3rd quarttles)) 
Fentanyl! Alfentanil 
group group 
Emergence time 10.0 (6.0-14.0) 11.5 (9.8-18,5) 
(min) 
Recovery time 3.0 (1.0-4.0) 1.8 (0.5-4.0) 
(min) 
Pco, (kPa) 6.1 (5.7-6.7) 6.3 (6.1-6.8) 
30 min 
90 min 5,7 (5.2~6.3) 5.7 (5.5—6.5) 
Postop. morphine 13.3 (6.9~-20.0) 16.0 (10.0-19.9) 
(mg) 


TABLE IV. Decrement in performance of recovery tests after anaesthesia and result of picture card test 
(median (Ist and 3rd quarttles)) 





Fentanyl Alfentanil 
group group P 
Bourdon—Wierama test 10.0 (5.5~17 3) 22.0 (15.8 —-30.3) < 0.05 
(number of lines) 
Post~box test 2.8 (1.1~4.5) 5.0 (2.8--6.0) ns 
(number of bricks) 
Pegboard test 13.0 (9.3-26.0) 34.5 (19,3—41.8) < 0.05 
(number of pegs) 
Digit span test 0.2 (—0.3 to 1.3) 0.8 (—0.9 to 3.0) ns 
(number of digits) 
Picture card test 3.5 (0.3-6.0) 0.2 (0.0-1.0) ns 


(number of pictures 


recognized) 


fentanyl group (10 (3-20) mm Hg). During main- 
tenance, arterial pressure was similar in both 
groups. Intubation and skin incision caused only 
minor changes in arterial pressure, while insertion 
of the self-retaining retractor caused increases in 
systolic and diastolic pressures in both groups. 

Heart rate changed only slightly from the 
control value during anaesthesia. 


Recovery 


Emergence times were equal in the two groups, 
as were the very short recovery times, with 
medians less than 3 min (table ITI). 

There was no evidence of hypercapnia after 
operation in each group, either at 30 min or at 
90 min, and there was no difference in post- 
operative analgesic requirements (table III). 

Side effects were few and minor in both groups. 
The main complaint was nausea, present in three 
patients in the fentanyl group during the first 1 h 
after operation, and one in the alfentanil group. 


There was no report of awareness or of pain at 
injection. 

Mental abilities were greatly affected by an- 
aesthesia. Ability to concentrate and co-ordinate 
as measured by the Bourdon—Wiersma test was 
reduced more in the alfentanil group (table IV). 

Fine co-ordination and speed of function, as 
assessed by the pegboard test, were also depressed 
more in the alfentanil group. 

Tests evaluating gross co-ordination and visual 
and proprioceptive sensation (post-box test), 
anterograde amnesia (picture card test) and retro- 
grade amnesia (bank note test) were also affected, 
but there was no difference between groups (table 


IV). 


DISCUSSION 


During induction of anaesthesia, distribution 
kinetics affect potency ratio between drugs, but 
subsequently elimination kinetics exert an in- 
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creasing influence. Alfentanil and fentanyl have 
nearly the same distribution half-lives, while the 
terminal half-life of alfentanil is only 50% that of 
fentanyl [21,22]. Therefore, the difference in 
ratio between alfentanil and fentanyl is least 
during induction and increases with time. In our 
study the ratio between alfentanil and fentanyl 
was 10:1 during induction (10 min) and 16:1 for 
the whole anaesthetic. We found a greater de- 
crease in systolic pressure in the alfentanil group 
during induction, and an increase in diastolic 
pressure during laryngoscopy after fentanyl] only. 
Both findings indicate a relative overdosage of 
alfentanil. During maintenance, the lack of haemo- 
dynamic difference between the two groups 
reflects equipotency. 

Rucquoi and Camu [23] gave, in combination 
with etomidate, alfentanil and fentanyl in a ratio 
of 4:1 during both induction (the first 10 min) 
and maintenance of anaesthesia. They found no 
difference in MAP during induction, but an 
increase in both heart rate and MAP during 
maintenance in the alfentanil group. This suggests 
relative underdosage of alfentanil. 

Scott, Ponganis and Stanski [24] measured the 
plasma concentrations of alfentanil and fentanyl] 
before surgery that caused appearance of delta- 
waves on the EEG, and obtained a ratio of 75:1 
(520 ng ml! and 6.9 ng ml-t, respectively); we 
found a ratio of 100:1. Any relative overdosage of 
alfentanil, however, was not reflected by a 
difference in cardiovascular response. Thus an 
equal number of patients in both groups were 
given an additional bolus of analgesics. Our 
median measured plasma concentration of 
alfentanil compares well with the findings of 
Ausems and Hug [25]. They found that an average 
alfentanil plasma concentration of 350 ng ml-t 
was needed, in combination with nitrous oxide 
only, to ablate the haemodynamic response in 
lower abdominal surgery. 

Cockshott and colleagues [26] found that 
fentanyl caused the plasma concentration of 
propofol to increase by up to 50%. In contrast, 
Gepts and colleagues [27] found that propofol 
might increase the plasma concentration of 
alfentanil, but not vice versa. We found a greater 
concentration of alfentanil than that intended, and 
this may suggest an interaction between propofol 
and alfentanil. 

In spite of the alleged shorter duration of action 
of alfentanil than fentanyl, our tests showed that 
the patients who had alfentanil were less able to 
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concentrate and co-ordinate. Recovery after 
alfentanil and fentanyl has not been compared 
after TIVA of longer duration, but there are 
reports on mental ability after anaesthesia of short 
duration. Using the Trieger test, Fragen and 
colleagues [4] found that, 3h after operation, 
patients were affected more after alfentanil, 
whereas Kay and Venkataraman [28] and 
Diephuis and colleagues [29] found in TIVA 
studies that patients recovered better after 
alfentanil. 

Our findings are not explained by overdosage of 
alfentanil, as recovery and emergence times were 
the same in the two groups, Likewise, the need for 
postoperative analgesia and Pago, at 30 and 60 min 
after anaesthesia were equal. Variation in 
pharmacokinetics after recovery is possible; 
change in protein binding because of stress 
and disease lead to alterations in plasma con- 
centrations and pharmacodynamic effects [30]. 
Alternatively, the difference may reflect a true 
side effect. 


In conclusion, we found that both combinations 
of drugs were suitable for total i.v. anaesthesia, 
but the theoretical advantage possessed by 
alfentanil because of its pharmacokinetic profile 
was not confirmed. 
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ISOFLURANE BUT NOT HALOTHANE STIMULATES 


NEUTROPHIL CHEMOTAXIS 


R. ERSKINE AND M. F. M. JAMES 


SUMMARY 


We have studied the effect of isoflurane and 
halothane on the chemotactic function of elicited 
rabbit neutrophils in vitro . In comparison with 
neutrophils not exposed to each volatile agent, 
isoflurane stimulated (P = 3.5 x 10-°), but halo- 
thane had no effect on the movement of cells 
towards the chemical attractant, casein. 
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An important characteristic of phagocytic leuco- 
cytes is their ability to move towards a chemotactic 
stimulus. This response is an essential part of host 
defence against infection. Moudgil and colleagues 
[1] showed that halothane, trichloroethelene, 
diethyl ether and methoxyflurane inhibited the 
ability of human neutrophils to move towards the 
chemoattractant agent, casein. In 1984 it was 
shown [2] that isoflurane did not affect neutrophil 
chemotaxis, whereas nitrous oxide, methoxy- 
flurane, halothane and enflurane delivered at 1 
MAC depressed the ability of human neutrophils 
to move towards casein. 

It is accepted that inhalation anaesthetic agents 
depress various aspects of the immune response. 
As part of an investigation of newer i.v. an- 
aesthetic agents on aspects of the immune system, 
we first investigated halothane and isoflurane in 
order to validate a model. We investigated the 
effects of isoflurane and halothane on the di- 
rectional movement of elicited rabbit neutrophils ; 
neutrophils elicited into the peritoneal cavity have 
been studied widely and are a convenient source 
of cells. It was felt that activated neutrophils 
would be more appropriate than quiescent cells, 
as they would approximate more closely to cells 
activated by the stress response. Preliminary 


studies in this model with 2 % halothane appeared 
to confirm the findings of Moudgil and colleagues 
[1] of substantial inhibition of movement through 
the filters. In view of the difficulty of conducting 
these experiments on the same rabbit cell lines at 
different concentrations of volatile agents, we 
investigated the effects of the agents in concen- 
trations likely to be used clinically—approxi- 
mately 1.5 MAC. 


MATERIALS AND METHODS 


The methods utilized were approved by the Ethics 
and Research Committee of the University of 
Cape Town. 

Neutrophils were elicited into the peritoneal 
cavity of adult New Zealand Cross rabbits. Fifty 
millilitre of 5% casein in 0.9 % saline was injected 
into the rabbit’s peritoneal cavity. Twenty-four 
hours later, the peritoneal cavity was washed out 
with 150 ml of a modified Ringer’s solution, in 
which the lactate had been replaced by an 
equivalent molar concentration of bicarbonate 
(Plasmalyte B). The rabbits were anaesthetized 
for each procedure utilizing halothane in oxygen 
via a Magill system. Each procedure took 10 min. 
The harvest of cells contained 2-15 x 10° cells, 
92-96 % of which were neutrophils. Some macro- 
phages were obtained also in these washings. 

Cells were pelleted by spinning the suspension 
in a centrifuge at 110g for 10 min. They were 
resuspended in a solution containing RPMI cell 
culture medium and 5% human stabilized 
serum (2:1) at 37 °C. The dilution was adjusted 
to give a final cell count of 1.5 x 10° cells ml-!. Ten 
millilitre of the cell suspension was placed in three 
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FIG. 1. Apparatus used for bubbling the agents through the neutrophils. V = Vaporizer; X = gate 
control clamp. 
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Fic. 2. Apparatus used to incubate the neutrophils in the absence or presence of casein. Only one of 18 
syringe barrels in each box is illustrated. 


15-ml plastic test tubes at 37 °C. A gas mixture of 
5% carbon dioxide, 30% oxygen and nitrogen 
together with 1% halothane, 1.6% isoflurane or 
no vapour was bubbled through the cells for 
20 min, which is similar to the time shown in 
previous studies to be necessary for equilibration. 
The gases were bubbled through the cell sus- 
pension via a 23-gauge needle at a rate of 
approximately 60 bubbles per minute. The 
vapours were delivered from a Drager Vapor 
vaporizer for halothane and a Fortec Mark III 


vaporizer for isoflurane. Vapour partial pressures 
were checked using an EMMA Engström vapour 
analyser. The accuracy of the internal calibration 
of the EMMA had been checked previously 
against standard partial pressures of the volatile 
agents made up by vaporizing a known mass of 
volatile agent into a flask of known volume at 
measured temperature and pressure. In order to 
ensure adequate flow through each vaporizer, 
flows in excess of 1 litre min“! were passed 
through each vaporizer. Low flows distal to the 
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Frc. 3. Typical example of cell counts obtained in one rabbit cell line in a single experiment at various 

concentrations of casein. Mean (1 sp) of 10 counts per high power (HP) field at each point. Note the 

decline in neutrophil movement with increasing concentrations of casein greater than 0.6%. 
O = Control; [] = halothane; A = isoflurane. 


vaporizer were delivered to the test tubes using Y- 
connections with gate clamps adjusted to produce 
a steady, slow bubbling through the cell sus- 
pension (fig. 1). 

Cell movement towards the chemoattractant, 
casein, was assessed using Wilkinson’s modi- 
fication of Boyden chambers [3]. After the initial 
equilibration with the anaesthetic agents, 200-1 
aliquots of cell suspension were placed above 
5-um pore Millipore filters in sawn-off tuberculin 
syringe barrels. The filters had been attached 
previously to the syringe barrels with UHU glue, 
an ethanol soluble adhesive which has no effect on 
neutrophil function. The lower chamber (10-ml 
glass beakers) contained concentrations of 0, 0.2, 
0.4, 0.6, 1.2 and 2.4% casein in 0.9% saline. Two 
hundred microlitre of the 5% human stabilized 
serum was added to the bottom chamber in the 
beaker which contained no casein. The experi- 
ments were conducted in three plastic sandwich 
boxes with tight fitting lids, with small inlet and 
outlet ports for the anaesthetic gases. Efflux from 
the boxes also was monitored using the Engstrom 
EMMA (fig. 2). Each cell suspension received the 
same anaesthetic as before. After 60 min of in- 
cubation, the cell migration through the filters 
was stopped by immersion of the barrels in 
ethanol. This also dissolved the glue and allowed 
the detached filters to be stained in haematoxylin 
using a standard technique. Cell movement 
through the filters was assessed by counting the 
number of cells per high power field that had 
traversed the filter paper completely and remained 


attached to its under surface. Ten fields from two 
filter papers were counted for each concentration 
of casein. 

We found that cell migration diminished at 
concentrations of casein greater than 0.4% in the 
presence of both volatile agents and in the control 
cells. With 2.4% casein there was no difference in 
movement compared with that in the absence of 
casein (fig. 3). This effect was apparent in all the 
rabbit cell preparations and has been shown 
previously with rabbit neutrophils [4]. We there- 
fore discarded the results from 2.4 % casein in all 
groups. In order to differentiate between casein- 
activated and random neutrophil motion, the 
results were divided into those in which no casein 
was present and the combined results from 
0.2-1.2% casein concentrations. The effects of 
halothane and isoflurane were compared with 
controls in each experiment by calculating the 
percentage difference from the movement exhibi- 
ted in the control experiment. 

Results obtained in the halothane group were 
compared with those in the isoflurane group using 
a Wilcoxon rank sum test. 


RESULTS 


The pooled results of our experiments from five 
rabbits are shown in figure 4. Halothane 1% did 
not depress the movement of neutrophils towards 
casein, whilst isoflurane produced significant 
stimulation of movement of neutrophils through 
the filter papers (P = 3.5 x 105). 
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Fic. 4. Pooled results from five rabbit cell lines exposed to 
either halothane (©) or isoflurane (x) expressed as a differ- 
ence from the control cells. There is no difference between 
the cell counts obtained with no attractant present. Cells ex- 
posed to casein exhibited increased movement over control 
cells in the isoflurane group (P = 1x 1075). Cells exposed to 
halothane did not exhibit any difference in movement over 
their controls. The difference in movement between cells ex- 
posed to isoflurane and those exposed to halothane is highly 
significant statistically (P = 3.5 x 1075). 


No casein 


DISCUSSION 


Conflicting results have been reported in previous 
studies of the effects of volatile agents on neutro- 
phil movement (table I). We have demonstrated 
that elicited rabbit neutrophils in witro exhibit 
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increased movement towards the chemoattractant 
casein in the presence of 1.6% isoflurane. No 
effect was present when 1% halothane was 
administered to the same cells. 

Several studies have attempted to resolve the 
effects of inhaled anaesthetic agents on neutrophil 
motile function. Bruce [5] showed that halothane 
inhibited peritoneal neutrophil mobilization fol- 
lowing injection of S. typhimurium into the 
peritoneal cavity of mice, and suggested that 
general anaesthesia may depress natural defences 
to infection. Moudgil and his colleagues [1] 
showed reduced chemotactic responses in human 
neutrophils exposed to various inhalation agents, 
including halothane, and subsequently confirmed 
this effect using modern agents at 1 MAC 
concentration [2]. In ascending order of effect, 
enflurane, halothane, methoxyflurane and 70% 
nitrous oxide inhibited neutrophil chemotaxis. 
Isoflurane was the only agent tested in this model 
which did not depress chemotaxis. In contrast, 
Duncan and Cullen [6] were unable to dem- 
onstrate any effect of halothane, although they 
used a chemoattractant different from the casein 
used by Moudgil. With casein as the attractant, 
Nunn and colleagues f7] were not able to 
demonstrate any depressant effect of halothane on 
random movement, chemotaxis or phagocytosis in 
the human neutrophils which they studied, al- 
though a subsequent study showed marked de- 
pression of chemotaxis by nitrous oxide [8]. Our 
results support those which were unable to show 
depression of chemotaxis with halothane, but it is 


TABLE I. Summary of studies of the effect of inhalation anaesthetic agents on neutrophil movement, 


presented tn chronological e + Increased = Tendency to increase, but not significant 


Agent Cells Attractant 
1% Halothane Human 0.01-0.1 % Casein 
2% Halothane Human 0.01-0.1 % Casein 
0.5% Halothane Human C,A 

1.0% Halothane Human C,A 

2.0% Halothane Human C,A 

2% Halothane Human 0.5% Casein 
0.75% Halothane Human 0.05-0.2 % Casein 
1.15% Isoflurane Human 0.05-0.2% Casein 
1.68% Enflurane Human 0.05-0.2% Casein 
70% Nitrous oxide Human 0.05-0.2% Casein 
70% Nitrous oxide Human 0.1% Casein 
80% Nitrous oxide Human 0.1% Casein 
1.0% Halothane Elicited 0.2-2.4% Casein 
1.6% Isoflurane rabbit 0.2-2.4% Casein 


Random Chemotaxic 
movement movement Source 
Decreased Decreased Moudgil [1] 
Decreased Decreased 
+ Increased No change Duncan [6] 
No change + Increased 
No change + Increased 
Increased No change Nunn [7] 
Decreased Decreased Moudgil [2] 
No change No change 
No change Decreased 
No change Decreased++ Nunn [8] 
No change Decreased+ + 
No change No change Present 
No change Increased study 
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not clear why there is this discrepancy between 
various studies. Moudgil [1,2] used a much 
smaller concentration of casein than that used by 
ourselves or by Nunn and colleagues [7], and it is 
possible that his results reflect a relatively subtle 
effect of halothane, which is masked in higher 
concentrations of casein. Support for this hypo- 
thesis may be found in the agreement of both 
groups of workers that nitrous oxide has a 
depressant effect, which was greater than that of 
the other agents in Moudgil’s study. It is also of 
interest that, in Nunn’s study showing a de- 
pressant effect of nitrous oxide [8], a low con- 
centration (0.1%) of casein was used. 

The reason for the enhanced movement in the 
presence of isoflurane cannot be deduced from 
these experiments. Increase in chemotactic move- 
ment of neutrophils may result from several 
factors, including increased sensitivity of chemo- 
tactic recognition, changes in cell membrane 
receptor sites, or increased mobilization of the 
microfilamentous locomotor system. We are 
undertaking further studies to try to identify the 
mechanisms that may be responsible for these 
results. A possible contributory factor may be our 
use of cells which had already been activated by 
elicitation into the rabbit’s peritoneal cavity. If 
the cells were thus rendered more motile, this 
might also explain partially the absence of effect 
from halothane, especially if this action is a subtle 
one. A species difference also cannot be excluded. 

Movement of neutrophils towards a chemical 
stimulus is only one of the functions which the 
cell performs in ingesting and killing bacteria. 
The release of active oxygen, ingestion of bacteria 
and killing of bacteria are also vital functions. 
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These functions have been tested also in in vitro 
cell suspensions in the presence of volatile agents. 
Here also, workers have produced conflicting 
results. The changes in cell function in the 
presence of volatile agents appear to be marked, 
although also very variable. It is only when we 
understand the mechanisms whereby volatile 
agents affect neutrophil function that it will be 
possible to explain the present conflicting results. 
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ANAESTHESIA, MOVEMENT AND EMESIS 


B. KAMATH, J. CURRAN, C. HAWKEY, A. BEATTIE, N. GORBUTT, 


H. GUIBLIN AND A. KONG 


SUMMARY 


One hundred and eighty-two women under- 
going dilatation and curettage were allocated 
randomly to receive premedication comprising 
temazepam, papaveretum—hyoscine or placebo. 
The temazepam recipients reported significantly 
fewer episodes of postoperative nausea. Move- 
ment was blamed by 66% of patients who 
identified a cause for nausea. These patients had 
higher scores on a motion sickness susceptibility 
questionnaire and were more likely to have been 
treated previously for nausea or vomiting. it may 
be possible to identify susceptible patients before 


surgery. 


KEY WORDS 


Premedication : tamazepam, hyoscine Vomiting. antiemetics, 
nausea. 


Postoperative nausea and vomiting are common 
and distressing symptoms and particularly affect 
women. Emetic properties are possessed by both 
opioids, which precipitate motion-induced nausea 
in conscious patients [1], and nitrous oxide, a 
weak opioid agonist [2], which also increases 
middle ear pressure [3]. This supports suggestions 
that motion sickness susceptibility predisposes to 
postoperative nausea and vomiting [4]. We have 
studied the influence of premedication and of 
movement on postoperative nausea and vomiting, 
to identify provoking factors, to determine the 
predictive value of motion sickness susceptibility 
and to reduce the incidence of postoperative 
nausea and vomiting by using a short acting 
benzodiazepine as premedication. 


METHODS AND RESULTS 


Following Ethics Committee approval, informed 
consent was gained from 182 healthy women 


undergoing elective dilatation and curettage. 
None was receiving emetic or antiemetic drugs 
and none was pregnant. Premedication comprised 
random allocation to receive placebo, oral temaz- 
epam 20 mg (10 mg if patient < 70 kg) or papa- 
veretum 20 mg and hyoscine 400 ug (10 mg and 
200 ug, respectively, if patient < 70 kg). A double 
dummy technique was used: each patient received 
both tablet and injection from coded packs Ih 
before surgery. Anaesthesia was induced by one of 
two anaesthetists, with thiopentone 5 mg kg? and 
67% nitrous oxide in oxygen and halothane (as 
required during induction, 1% for maintenance 
of anaesthesia and discontinued after cervical 
dilatation). Manual ventilation of the lungs was 
avoided. After surgery, patients breathed 100% 
oxygen for 1 min before transfer in the left lateral 
position to the recovery room where they breathed 
oxygen-enriched air. When awake, patients were 
allowed to lie supine or laterally as they chose, 
before each was transferred to the same ward. 
Simple observations of postoperative nausea 
and vomiting were made by the nurses in the 
recovery room, and in the ward between 4.5 and 
6h and again 20-24 h after surgery. A dedicated 
observer, using a structured format, recorded the 
incidence of nausea, retching and vomiting, and 
asked patients what they believed had caused 
these symptoms. Identification of causes was 
spontaneous, not from a list of suggestions. The 
normal practices of bed rest for the first 6 h after 
surgery, and of allowing sips of clear fluids 
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TABLE I. Premedicanon groups, patient details (mean (SD)) and incidence of postoperative nausea and 
vomiting. *P = 0.03 compared with placebo, P = 0.05 compared with papaveretum—tyoscine 





Papaveretum 
Placebo Temazepam —hyoscine 
n 61 65 56 
Age (yr) 43.1 (11.9) 44.5 (14.9) 43.1 (11.7) 
Weight (kg) 66.7 (12.6) 62.6 (12.8) 64.5 (12.6) 
Patients with nausea (%) 36 (25-49) 22 (13--34)* 34 (22-48) 


(95 % confidence limits) 


TABLE II. Postal questionnaire. Factors associated with postoperative nausea and vomiting and motion 
sickness quotient (MSQ) (median and interquartile ranges, theoretical maximum score = 360). *P < 005 
compared with other groups 


Nausea 


No nausea Movement blamed Not blamed 


n 82 16 28 
MSQ 21 (0-71) 69 (9-137)* 23 (0-57) 
Previous treatment for 10 38* 13 


nausea and vomiting (%) 


approximately 2 h after return to the ward were 
not altered. 

To assess motion sickness susceptibility, 3—6 
months later patients were sent a postal ques- 
tionnaire which used a well validated method [5] 
to derive a quotient from the frequency of nausea 
and vomiting, provoked by different forms of 
transport. The questionnaire included questions 
on nausea and vomiting during pregnancy, caus- 
ation by other stimuli including migraine, and 
treatment received for any cause of nausea and 
vomiting during the previous 12 months. 

The three premedication groups were similar 
(table I). Emetic events were reported by 12% of 
patients in the recovery room, 31% at the first 
ward visit and 13% at the second ward visit. 
Nausea with vomiting or retching accounted for 
56% of reports and nausea alone for the re- 
mainder. No patient reported vomiting or retch- 
ing without nausea, and the incidence of symp- 
toms was greatest at the first ward visit of the 
dedicated observer, so we analysed the incidence 
of nausea at this visit. Fifty-five of the 182 
patients reported nausea (with or without other 
emetic symptoms). Age and time within menstrual 
cycle had no influence. The incidence of nausea 
for the premedication groups was compared 
(Fisher’s exact test). In the group receiving 


temazepam, 14 of 65 patients (22%) suffered 
nausea, compared with 22 of 61 (36%) in the 
placebo group (P = 0.03) (table I). The temaz- 
epam group also fared better than the papa- 
veretum—hyoscine group which contained 56 
patients, of whom 19 (34%) reported nausea (P = 
0.05). There was no difference between the 
placebo and papaveretum-—hyoscine groups. 

Of all 55 patients reporting nausea, 33 vol- 
unteered a cause and, of these, 22 blamed move- 
ment whether passive or active. One hundred and 
twenty-six correctly completed postal question- 
naires were returned (response rate 67%). Pati- 
ents who had reported movement as provoking 
nausea had significantly higher motion sickness 
quotients (Mann-Whitney U test) (table II). There 
were too few patients to determine any association 
with morning sickness of pregnancy, migraine or 
previous postoperative nausea and vomiting. 


COMMENT 


In this study, we have found that temazepam as 
premedication reduced the incidence of reported 
postoperative nausea, that movement provoked it 
in many patients, and that those with a history of 
motion sickness or previous treatment for nausea 
and vomiting were particularly vulnerable. Our 
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study eliminated the influence of surgical and 
anaesthetic technique and it is unlikely that the 
results were caused by confounding influences. 
The relatively high incidence of nausea associ- 
ated with the use of papaveretum—hyoscine is not 
surprising, as morphine is an emetic. The cause of 
the unexpectedly high incidence in the placebo 
compared with the temazepam group is open to 
speculation: it may be a chance occurrence; 
higher level of arousal may predispose to nausea 
and vomiting; temazepam may have antiemetic 
properties, and as these events were all within 8 h 
of premedication, its amnesic properties may play 
a part. The response rate to the questionnaires 
was inevitably reduced as they were sent 3-6 
months after surgery, with the aim of avoiding the 
influence of suggestions from other patients and 
staff, and to limit the impact of memories of 
postoperative nausea and vomiting. Despite this, 
the survey provides evidence that patients who 
had identified movement as provoking their 
symptoms had a specific susceptibility to motion 
sickness. Although they were also more likely to 
have received treatment for previous episodes of 
nausea and vomiting, these patients were not more 
susceptible to emesis caused by any other identi- 
fied stimulus. The identification of causes of 
nausea is admittedly somewhat subjective, but the 
conclusion that movement, whether passive or 
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active is a stimulus is difficult to avoid, and 
traditional exhortations not to disturb patients 
recovering from anaesthesia are sensible. Mor- 
phine may also cause postoperative nausea and 
vomiting by sensitizing the vestibular apparatus 
to the effect of movement [6], but our groups were 
too small to study the interaction of premedication 
and movement. In addition, all patients in our 
study received nitrous oxide which, in addition to 
increasing middle ear pressure during its uptake, 
is itself an opioid agonist. Movement during 
recovery from anaesthesia should perhaps be 
limited, but its relationship to postoperative 
nausea and vomiting needs further study. 
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EXTRADURALS AND SHIVERING: EFFECTS OF COLD AND 
WARM EXTRADURAL SALINE INJECTIONS IN 


VOLUNTEERS þłt 


J. PONTE AND D. I. SESSLER 


SUMMARY 


We tested the hypothesis that cooling the 
extradural space may provoke shivering, by 
giving three 80-ml extradural injections of warm 
(39.8+1.2°C) or cold (17+2.2°C) saline to 
four healthy volunteers, whilst recording central 
temperature and electromyographic activity from 
four muscles. The first injection (always cold) 
did not induce shivering in any of the subjects. 
The second and third injections, randomly cold 
or warm, were given after induction of shivering 
with cold blankets, but had no detectable effects 
on the intensity of shivering. This suggests that 
Shivering in extradural anaesthesia does not 
result solely from cooling of the extradural space. 


KEY WORDS 
Anaesthetic techniques extradural. Complications shivering. 


Previous work has shown that shivering during 
extradural anaesthesia for Caesarean delivery is 
more common after administration of cold than 
after warm bupivacaine [1], suggesting that the 
extradural space is sensitive to temperature 
changes. We report here the effects of injecting 
warm and cold saline into the lumbar extradural 
space of non-pregnant volunteers. As shivering 
results from a convergence of peripheral and 
central factors [2], we decided to start experiments 
with a cold injection in a moderately cool 
ambience, but in the absence of shivering. We 
then cooled the subject’s skin until shivering was 
triggered and observed the effects of cold and 
warm extradural saline upon the intensity of the 
tremor. 


METHODS AND RESULTS 


With approval from the U.C.S.F. Committee on 
Human Research and written informed consent, 


we studied two male and two female healthy 
volunteers: ages 20—41 yr, weights 54-62 kg, 
heights 159-171 cm. None was obese, a smoker, 
taking medication or had a history of thyroid 
disease; they refrained from taking coffee, tea and 
food during the 4h preceding the study. 

Using standard techniques, an 18-gauge cath- 
eter (Portex, Inc.) was introduced 2-3 cm into the 
extradural space (LL.3—4) and isolated from the skin 
with foam; 0.75 % bupivacaine 4 ml was injected 
s.c. at the puncture point. The catheter tip 
contained a calibrated thermocouple, constructed 
of two thin wires which did not occlude the 
lumen, and with a 90% step response time of less 
than 1s. 

Volunteers wore shorts and a light cotton shirt 
and rested supine on a padded operating table. 
Ambient temperature was 20.1 (sp 1.4) °C. 

Syringes with isotonic saline were stored in ice 
and in a water bath at 54°C before extradural 
injections. Each volunteer was given two cold and 
one warm 80-ml extradural injections of saline at 
a rate of 5-10 ml min“, by means of a Harvard 
975 pump, whilst the temperature was monitored 
continuously at the tip of the catheter. Tem- 
perature of the cold saline was in the range 
14.8-19.2 °C and that of warm saline was 
38.6-41.0 °C. These volumes and rates of in- 
fusion were safe, as rapid therapeutic extradural 
injections of 145 ml saline have been reported to 
be devoid of adverse effects [3]. The first injection 
was always cold and given while subjects had no 
evidence of shivering. Shivering was induced by 
placing cooling blankets (at 5°C) around each 
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subject and two further saline injections (one cold 
and one warm) were given in random order. 
Subjects were not aware of the temperature of the 
injectate. 

Tympanic membrane, ambient, forearm and 
fingertip temperatures were measured with 
thermocouples (Mon-a-Therm). Temperature 
values were displayed and stored every 40 s in a 
Macintosh II computer. 

Pairs of ECG electrodes were placed over the 
deltoid, trapezius, quadriceps and anterior tibialis 
muscles and electromyographic (EMG) signals 
amplified and processed digitally CLABVIEW 
1.2). Traces were obtained of integrated activity, 
either of all muscles added or from upper and 
lower limbs separately. Recording of elapsed time 
started at 15 min before the first injection. The 
second injection was started at 85 min and the 
third at 155 min. The 15 min preceding each 
injection was used as a control period for purposes 
of comparison, and data collection continued for 
30 min after each injection. Although the order of 
the warm and second cold injection was random, 
grouped data are presented as if the warm 
injection was always given second, for clarity. 

EMG intensities were analysed using repeated- 


Cold 
150 


Warm 


EMG intensity (uV) 


80 120 160 200 


Time (min) 


O 40 


Fic. 1. Sum of EMG intensines from four muscles (deltoid, 

trapezius, quadriceps, and anterior tibialis) (@) and from the 

legs only (O) during three extradural injections given at 15, 

85 and 155 min and lasting 8-16 min. Each point represents 

the mean from four subjects and error bars indicate sp (one- 
sided error bars for every other point). 
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measures ANOVA and Student-Newman—Keuls 
test (significant difference at P < 0.05). 

Forearm-—fingertip temperature gradients at the 
time of the initial cold injection were 6.3 (SD 
3.5) °C, indicating that all subjects were vaso- 
constricted. Catheter tip temperature returned to 
within 1°C of baseline approximately 20 min 
after cold injections and 6 min after warm injec- 
tions. Injections produced a mild feeling of 
pressure in the back which resolved within 
seconds of stopping injection. 

The first cold injection never caused shivering. 
EMG activity increased approximately three-fold 
during application of cold blankets, but the second 
and third injections produced no consistent 


change in EMG activity. There was considerable - 


variation in EMG intensity, especially during 
shivering (fig. 1). 

There was a small but statistically significant 
decrease in total EMG intensity from the end of 
the cold injection during shivering to the end of 
the respective recovery period. No other changes 
in the total or legs-only EMG intensities were 
significant. The cold injections produced a tran- 
sient sensation of warmth in the lower abdomen. 


COMMENT 


Spinal thermoreceptors contribute some 20% of 
thermal input to the hypothalamus in most 
mammals [3]. Consequently, cold local anaes- 
thetic solution might induce shivering by in- 
creasing spinal input. Our inability to induce 
shivering with cold injections does not exclude a 
thermal input from the spinal cord in man, but 
weakens the hypothesis that the temperature of 
the anaesthetic contributes significantly to the 
shivering observed clinically. 

It is possible that the thermal stimulus used in 
this study was inadequate. In most mammals the 
cervical and upper thoracic spinal cord is most 
sensitive to local temperature changes [2]. Our 
lumbar injections may have been inadequate to 
reach the upper thoracic cord, in spite of con- 
siderable lumbar cooling. The lack of shivering 
after the first cold injection was reinforced by the 
lack of effects of the subsequent cold and warm 
injections upon the intensity of established shiver- 
ing. These results are difficult to reconcile with 
the previous claim that 5-10 ml of warm local 
anaesthetic stops shivering [4]. A more recent 
study in non-pregnant subjects supports our 
present results [5]. 


A 


~ 


EXTRADURALS AND SHIVERING 


To reconcile our previous [1] with our present 
findings, we postulate that either pregnancy 
enhances the contribution of spinal thermo- 
regulatory input, or local anaesthetic facilitates 
shivering. 

Although we evaluated only four subjects, each 
received two cold injections and the thermal 
stimulus used was greater than a patient would 
experience during extradural anaesthesia. In the 
clinical setting, the contribution of the anaesthetic 
temperature to shivering in extradural anaes- 
thesia, in non-pregnant subjects, is likely to be 
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POTENCY OF PROPOFOL FOR LOSS OF CONSCIOUSNESS 


AFTER A SINGLE DOSE 


K. LESLIE AND D. P. CRANKSHAW 


SUMMARY 


A dose-response curve for loss of consciousness 
after administration of propofol was obtained 
using 56 unselected, premedicated patients pre- 
senting for surgery. Propofol was given in doses 
according to the calculated lean tissue mass 
(LTM) of the patient. The end-point for loss of 
consciousness was loss of ability to grasp a light 
object. Using probit analysis, the EDs for 
propofol was found to be 1.34 mg/kg of LTM 
and the ED, was found to be 2.56 mg/kg of 
LTM. Comparison with previously published 
data for thiopentone showed propofol to be 
approximately twice as potent as thiopentone at 
EDs, and the slope of its dose-response curve to 
be shallower than that of thiopentone. 


KEY WORDS 


Anaesthetics intravenous. propofol Potency: EDs, dose 
response. 


Propofol is now in widespread use, largely because 
of rapid recovery following single and infused 
doses. However, significant cardiovascular and 
respiratory depression is common. A knowledge 
of the dose of propofol which just anaesthetizes 
the patient has the potential to reduce these 
adverse effects. 

The ED,, is the dose of a drug which is 
predicted to achieve a specific end-point in 50% 
of the population. It allows accurate estimation 
of the dose required for anaesthesia and permits 
comparison with potency of other i.v. anaesthetic 
agents. Further, the slope of the dose—response 
curve derived during probit analysis gives the 
anaesthetist a measure of the range of doses 
required to induce anaesthesia in the patient 
population and, similarly, indicates the size of the 
increment in infusion rate required to adjust the 
level of anaesthesia in a given patient. 


METHODS AND RESULTS 


We studied patients aged 18-50 yr undergoing 
surgery and of ASA physical status I or II. All 
gave informed consent and the study was ap- 
proved by the Ethics Committee of the hospital. 

All patients were premedicated with temazepam 
10, 20 or 30 mg according to their lean tissue mass 
(LTM), approximately 60 min before induction 
of anaesthesia. 

Propofol dosage was calculated on the basis of 
LTM, determined from height (cm), weight (kg) 
and girth at the umbilicus (cm) using a nomogram 
based on a formula presented by Wolfsohn [1]. 
Lignocaine 1 % (0.5 ml) was added to each dose of 
propofol in an attempt to reduce pain on injection. 

Before induction, each patient was made com- 
fortable on the operating table, routine monitoring 
was commenced and a 22-gauge cannula inserted 
into a forearm vein of one arm. The patient was 
asked to hold a 20-ml plastic syringe containing 
water between the thumb and forefinger of the 
other hand. This arm was supported by a padded 
board. The calculated dose of propofol was 
administered at a steady rate over 15 s. A positive 
response was recorded if the patient dropped the 
syringe within 90 s of commencement of injection. 
Thereafter, the induction was allowed to proceed 
as normal. 

Fifty-six patients were allocated randomly to 
seven dose groups of equal size, to receive propofol 
0.9, 1.0, 1.1, 1.3, 1.5, 1.7 or 1.9 mg/kg of LTM. 
The percentage responses were 12.5, 25, 37.5, 50, 
50, 62.5 and 87.5%, respectively. A straight line 
of best fit was generated on probability—log dose 
scales according to the method of Litchfield and 
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Fic. 1. Line of best fit for the dose-response curve of propo- 

fol together with the underlying spread of responses in a 

population (solid lines). Also shown, frorn the data points of 

Crankshaw and Allt-Graham [2], is the line of best fit for thio- 

pentone and the underlying spread of responses in a popu- 
lation of the same size (broken lines). 


Wilcoxon (fig. 1) (correlation coefficient 0.95). 
From this line, an ED,, of 1.34 mg/kg of LTM 
was calculated with 95% confidence limits of 
1.16 < ED,, < 1.56 mg/kg of LTM. Using a 
graph of probit against log dose, the ED,, of 
propofol was found to be 2.56 mg/kg of LTM. 

We have shown previously in a similar study [2] 
y that thiopentone also conforms to a straight line 
on probability-log graph paper with an ED,, of 
2.63 mg/kg of LTM (95% confidence limits of 
2.45 < ED,, < 2.83 mg/kg of LTM). Thus pro- 
pofol is approximately twice as potent as thio- 
pentone at ED; From the published probit ws 
response line for thiopentone we calculated an 
ED,, of 3.20 mg/kg of LTM. The lines of best fit 
for thiopentone and propofol were then com- 
pared: the slope of the thiopentone line was 
significantly steeper (P < 0.01) than that of the 
line for propofol. The ratio of ED,, to ED,, was 
1.2 for thiopentone, compared with 1.9 for 
propofol. 


COMMENT 


The use of LTM to calculate dosage resulted in an 
excellent fit to the final probit line, despite 
differences in age, sex, percentage fat, health and 
. other medication, and is in contrast with pre- 
viously published comparable studies of propofol 
and thiopentone in which total body mass was 
used [3]. 


Various end-points have been used to study the 
potency of anaesthetic induction agents. Some, 
such as loss of verbal communication and loss of 
eyelash reflex, involve stimulation of the patient 
and observation of a response. Both the stimu- 
lation and the nature of the response seem reniote 
from the desired end-point of loss of conscious- 
ness. The loss of the ability to hold a light object 
does not involve stimulation of the patient, 
involves the patient’s continued conscious co- 
operation and provides a clear yes/no answer. In 
practice, it proved to be a simple test which all 
subjects accomplished without difficulty. Cum- 
mings and colleagues [4], investigated several 
methods of determining induction time and 
concluded that syringe dropping compares well to 
the clinical impression of true induction time, and 
that abolition of the eyelash reflex is the least 
reliable. 

It has been demonstrated in this study that the 
dose-response curve for propofol is shallower 
than that reported previously for thiopentone. 
This raises the possibility that propofol has a 
different mechanism of action compared with 
thiopentone. The shallower dose-response curve 
for propofol demonstrates that, within a given 
dose range, fewer patients lose consciousness and 
that greater multiples of the ED,, are required to 
induce anaesthesia in more resistant members ofa 
population (fig. 1). To ensure induction with a 
single dose, during rapid sequence induction for 
example, a relatively larger dose of propofol than 
an individual’s actual requirement must be admin- 
istered. This relative overdose is likely to result in 
a greater incidence of hypotension, making propo- 
fol less attractive in severely ill patients. This is 
supported by the variability of individuals in ‘the 
data of Adam, Kay and Douglas [5], who found 
that the wakening blood concentration of propofol 
ranged from 0.51 to 2.16 ug ml (maximum 
323% greater than minimum) in six individuals. 
This contrasts with arterial plasma concentrations 
of thiopentone on awakening, with a range of 
only 4.4-7.8 ug mi“! (maximum 77% greater) in 
12 patients [6]. 

These data also suggest that a population study 
such as ours merely indicates the range of 
concentrations of propofol required, and that fine 
tuning is required for each patient, as for 
alfentanil. In contrast, because of the steepness of 
the dose-response curve for thiopentone, even for 
grouped data, a single concentration is much 
closer to the requirements of all individuals. 


SE, 


propofol has a shallow dose-response 
lative to thiopentone, the incremental 
x jse of propofol must also be a greater 
‘multiple of the ED,, dose than the dose that 
would be needed with thiopentone. 
Knowledge of the pharmacodynamic profile of 
each drug allows advantage to be taken of their 
different properties while ensuring adequate an- 
aesthesia, minimum side effects and optimal 
recovery. 
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ARTERIAL OXYGEN SATURATION FOLLOWING 
PREMEDICATION FOR CARDIAC SURGERY 


R. MARJOT AND S. J. VALENTINE 


SUMMARY 


We studied patients scheduled for coronary 
artery bypass surgery following premedication 
with lorazepam, morphine and droperidol, using 
pulse oximetry and serial electrocardiographic 
(ECG) recordings. Arterial oxygen saturation 
( Sao, ) values were compared with those 
obtained during two control periods when the 
patients were awake and asleep. All patients 
demonstrated progressive arterial oxygen de- 
saturation during the premedication period, stat- 
istically significant from both controls (P < 
0.001). Twelve of the 15 patients developed 
hypoxaemia or severe hypoxaemia which was 
corrected immediately by administration of oxy- 
gen. New ECG changes developed during the 
premedication period in 33% of patients. It is 
concluded that additional oxygen should be 
administered to patients receiving this and similar 
premedication regimens. 


KEY WORDS 
Oxygen: pulse oximetry. Premeaication. 





There has been concern that the analgesic and 
sedative premedication prescribed to cardiac 
patients in order to minimize myocardial oxygen 
demands may cause arterial hypoxaemia and 
reduce myocardial oxygen supply. Previous re- 
search has relied almost exclusively upon isolated 
arterial blood-gas sampling [1-3]. This procedure 
may affect blood-gas values whilst yielding no 
information on trends. This study was designed to 


- utilize continuous non-invasive pulse oximetry to 


record arterial oxygen saturation (Sa, ) during the 
premedication period, without otherwise altering 
the normal preoperative situation. 


METHODS AND RESULTS 


Following approval by the Hospital Ethics Com- 
mittee, informed written consent was obtained 
from 15 patients scheduled for elective coronary 
artery bypass grafting. Patients with clinically 
significant cardiac failure or functional respiratory 
disease, and those already receiving supplemen- 
tary oxygen therapy were excluded. A single 
Nellcor N-200 E pulse oximeter with C-Lock 
ECG synchronization was used throughout the 
study, with a facility for retrospective printing. 
The pulse oximeter probe was attached to the 
same specified digit. The audible signal and 
alarms were turned off. 

Recordings were made during three separate 
periods of study with the patients recumbent in 
bed breathing room air: a 60-min control period 
whilst awake; a 60-min control period whilst 
asleep; and a 90-min period following premedi- 
cation. The control periods were during the day 
and night before surgery. At the end of the control 
awake and the premedicated periods, Sao, was 
recorded after 5 min administration of oxygen 
6 litre min™ via a Hudson mask. 

Premedication was prescribed by individual 
anaesthetists and comprised: lorazepam 2-3 mg 
orally 120 min before operation, morphine 7.5— 
15 mg i.m. 60 min before operation and droperidol 
2.5-5 mg i.m. 60 min before operation, with (two 
patients only) Transiderm-Nitro 25 patch (gly- 
ceryl trinitrate) topically. 

The premedication study period started 30 min 
after administration of the lorazepam. It included 
both the i.m. injection and the transportation of 
the patients to the operating theatre complex. In 
addition to the pulse oximeter, a Hewlett-Packard 
12-lead electrocardiograph (ECG) recorder was 
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attached to pre-applied electrodes and left in situ 
for the duration of the study. ECG recordings 
were made every 30 min and if Sa, decreased to 
less than 85 %. The patients were left undisturbed 
by the attending anaesthetist in an attempt to 
simulate otherwise normal preoperative 
conditions. Recordings were made every 5 min of 
Sa ,, heart rate, patient status (awake, drowsy, 
asleep), and airway status (normal, snoring, 
severely obstructed). Ventilatory frequency was 
recorded every 30min. Arterial pressure 
measurements were made at the start and end of 
the study period. If Say, decreased to less than 
85%, the patient was withdrawn from the study 
and oxygen administered. The serial ECG record- 
ings were reported by an independent cardio- 
logist blinded to the study. 

Four patients were female (27%). The mean 
(range) age and weights of the patients were 
64 yr (43-77 yr) and 74.4 kg (44-105 kg). The 
dosages of premedication prescribed were thus 
(mean (range)): lorazepam 0.037 mg kg™ 
(0.024—0.056 mg kg"), morphine 0.16 mg kg™ 
(0.13-0.21 mg kg“) and droperidol 0.066 mg kg™! 
(0.04-0.11 mg kg’). l 
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The data from both control periods were 
compared with the premedication period using 
Student’s paired and unpaired t tests. Statistical 
significance was accepted as P < 0.05. Data are 
presented as mean (95% confidence limits). 

There was a significant reduction in Sap, in the 
transition from the awake to the asleep 
unpremedicated state: 96 (0.76) vs 94.1 (1.63) % 
(P < 0.01). 

All patients demonstrated a further progressive 
arterial oxygen desaturation during the 
premedication period (fig. 1). This was significant 
compared with both sets of control values 
(P < 0.001). Persistent desaturation to Sao, less 
than 90 % was seen in 12 patients (80%). Two of 
these patients were withdrawn prematurely from 
the study when desaturation occurred to less than 
85%. There was no significant correlation be- 
tween the level of arterial oxygen desaturation and 
patient age or weight. 

Fourteen patients (93 %) were asleep by the end 
of the premedication period. The Sap, values 
recorded whilst the patients were asleep were 
significantly less than those made whilst awake: 
90.9 (0.48) ws 94.6 (0.65)%, respectively 
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Fia. 1. Sao, (mean (95% confidence limits)) following premedication with lorazepam (time 0) in 15 

patients breathing room air A = Period of iim premedication with morphine and droperidol. B = 

Period of transportation to the operating theatre complex. C = Administration of oxygen 6 litre min=!. 

Arterial oxygen saturation decreased significantly compared with the awake control (+ P < 0.05; +++ 

P < 0.001) and with the asleep control (* P < 0.05, *** P < 0.001). Number of patients (n) decreased 

at 110 min and 120 min, because of withdrawal of two patents from the trial with severe arterial oxygen 
desaturation (Say, < 85%). 


Sao, AFTER PREMEDICATION 


(P < 0.01). Varying degrees of upper airways 
obstruction were seen in 10 patients (66%). A 
severely obstructed respiratory pattern was 
observed periodically in two patients, and one 
patient had a period of apnoea in excess of 20 s. 
Arterial oxygen saturation was decreased 
significantly during periods of severe airways 
obstruction compared with periods without ob- 
struction: 87.3 (4.347) vs 92.5 (0.45) %, respect- 
ively (P < 0.01). However, nine patients (60%) 
had desaturation to less than 90% at times when 
there was no apparent airways obstruction. 
Ventilatory frequency decreased significantly 
from the start (mean 17.6 b.p.m.) to the end of 
the premedication period (mean 13 b.p.m.) 
(P < 0.001). 

Sao, increased rapidly after administration of 
oxygen. The premedicated values achieved were 
still significantly less than those in the awake 
control period with oxygen: 97.1 (1.09) vs 99.1 
(0.41) %, respectively (P < 0.001). 

Mean arterial pressure decreased significantly 
from the start (mean 95 mm Hg) to the end of the 
premedication period (mean 82.5 mm Hg) (P < 
0.001). The majority of patients were prescribed 
beta-blocker medication concurrently, and there 
was no significant reduction in heart rate during 
the period of premedication. 

Analysis of the ECG recordings revealed new 
or temporary changes compared with the routine 
preoperative recordings in five patients (33%). 
Three patients demonstrated new T wave in- 
version, and two patients showed ST depression 
of more than 1 mm. These changes were reported 
as possible new myocardial ischaemia. 


COMMENT 


In this study, premedication with lorazepam, 
morphine and droperidol in cardiac surgical 
patients resulted in consistent, progressive and 
potentially severe reductions in arterial oxygen 
saturation. This was much greater than the 
physiological change observed with normal sleep 
during the control period. Hypoxaemia of this 
severity has not been described before in 
premedicated cardiac patients. 

Nearly all previous research of other 
premedication regimens in similar adult patient 
populations has relied upon isolated invasive 
arterial blood-gas samplings [1-3]. Nadeau and 
Robblee concluded that any reduction in Pag, was 
clinically unimportant [2], but other authors [1, 3] 
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found the degree of hypoxaemia was unpre- 
dictable and recommended prophylactic 
administration of oxygen. Utilizing pulse 
oximetry, Hensley and colleagues observed only 
modest reductions in Say, and concluded that 
these patients were at a very low risk from 
hypoxaemia [4]. The premedication prescribed 
was a lower dose of morphine than used here, with 
hyoscine. 

Several factors may interact to cause the 
observed reduction in Sap,. Oximeter probe errors 
were minimized by guaranteeing good plethysmo- 
graphic tracings for all Sa, recordings. 
Hypoventilation seems likely to have contributed. 
It is a recognized side effect of morphine and 
possibly potentiated by the other components of 
the premedication regimen. A significant 
reduction in ventilatory frequency was observed, 
in addition to altered patterns of ventilation and 
upper airways obstruction. Studying the effects of 
morphine in the postoperative period with res- 
piratory inductive plethysmography, Catley and 
colleagues found similarly severe episodes of 
arterial oxygen desaturation [5]. These episodes 
occurred only when the patients were asleep, and 
in association with paradoxical breathing and 
obstructive apnoea. Hypercapnia has been 
demonstrated to occur in premedicated patients 
[1-3], although the degree of hypoxaemia was 
more than could be accounted for by decreased 
ventilation alone [1, 3]. Ventilation—perfusion 
mismatch is suggested by the finding that oxygen 
administration did not fully correct the 
hypoxaemia resulting from premedication. This 
may have resulted from several factors such as 
reduced cardiac output, reduction in functional 
residual capacity consequent on the supine pos- 
ition whilst sedated, disruption of hypoxic pul- 
monary vasoconstriction and atelectasis. 

Patients with serious coronary artery disease 
are at risk of myocardial ischaemia and infarction. 
Hypoxaemia to the extent seen here is likely to 
increase this risk. New ECG changes were 
recorded in 33 Y of our patients during the period 
of premedication. This incidence is similar to that 
observed by Slogoff and Keats, who studied 1023 
patients presenting for this operation, 18% of 
whom had evidence of new myocardial ischaemia 
on arrival in the anaesthetic room [6]. This 
ischaemia was associated with an increased 
postoperative morbidity and mortality. 

The correction of arterial oxygen desaturation 
by administration of oxygen makes this a sensible 
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precaution when prescribing similar premedi- 
cation regimens to cardiac patients. However, 
it is impossible to guarantee uninterrupted 
administration of oxygen during the relatively 
unsupervised premedicated period. In the light of 
these results, we suggest that this degree of 
premedication for cardiac surgery may warrant 
reappraisal. 
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EFFECT OF MAJOR SURGERY ON ABSORPTION RATE OF 


NPH INSULIN INJECTED S.C. 


A. HJORTRUP, S. MADSBAD, M. ANDERSEN AND C. SORENSEN 


SUMMARY 


The absorption rate of NPH insulin injected s.c. 
was evaluated before operation and on the day 
of surgery by continuous measurements of 
residual radioactivity of '*!-labelled insulin in 10 
patients undergoing major abdominal surgery. 
The results show that major surgery has no effect 
on rate of absorption of intermediate acting 
insulin. 


KEY WORDS 
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Treatment of Type 1 (insulin-dependent) patients 
in relation to surgery is troublesome. Several 
regimens have been proposed, from the more 
intensive and complicated based on a variable i.v. 
infusion of insulin, glucose and potassium to the 
more conventional practice, in which a proportion 
of the normal daily dose of insulin is given s.c. as 
intermediate acting insulin on the morning of 
operation [1]. It is not known if surgery has any 
influence on the rate of absorption of insulin from 
s.c. injection sites. The aim of the present study 
was to assess the impact of major surgery on the 
rate of absorption of intermediate acting insulin 
using '25T-labelled insulin. We also measured s.c. 
blood flow by washout of xenon-133. 


METHODS AND RESULTS 


We studied 10 normal subjects (six females and 
four males, ages 51-68 yr; body weight within 
+10% of ideal). None had signs of arterio- 
sclerosis or neuropathy. Five patients underwent 
colorectal surgery and five upper abdominal 
surgery. Anaesthesia was induced with thiopen- 
tone, followed by pancuronium. After intubation 
of the trachea, dehydrobenzperidol 2.5 mg/10 kg 
and haloperidol 0.05 mg/10 kg were given i.v. and 
the lungs ventilated with 50% nitrous oxide in 


oxygen. All patients gave informed consent to 
participate in the study, which was approved by 
the local Ethics Committee. 

Patients were studied in the supine position and 
smoking was not allowed. Each patient was 
studied on two different days; all were 
normothermic on both days. The first study 
(control day) was initiated before breakfast at 
07:00 2 days before operation. Potassium iodide 
200 mg was given orally, to block uptake of 
thyroid iodine. Patients were then given 8 iu of 
125T-labelled insulin (Protaphan, Novo HM) 
100 iu mI“, specific radioactivity 1.0-3.0 pCi ml, 
injected s.c. on the anterolateral part of the thigh 
20cm below the iliac spine. The insulin was 
injected at an angle of 45° into a lifted skinfold 
using a 25-gauge 2.54-cm needle. The labelled 
xenon was injected similarly, but into the 
contralateral thigh. The dose of xenon-133 was 
prepared for each study to produce 10000 counts 
per measurement after injection of 0.4 ml. After 
injection of insulin, blood glucose was measured 
hourly using a Hypocount photometer. Varying 
amounts of glucose were infused, to keep 
blood glucose concentration at 5-6 mmol litre“. 
The second study was performed in a similar 
manner on the day of operation, between 08:00 
and 09:00, but potassium iodide was not 
administered. 

The residual radioactivities of 1*5J-insulin and 
xenon-133 were monitored continuously using ex- 
ternal scintillation detectors (Memolog 500, Novo 
Diagnostic System, Denmark), attached to the 
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Fic. 1. Absorption rate (percent of injected dose absorbed per 
3h) of *I-labelled intermediate acting insulin in the thigh. 
@ = Control day; O = operation day. 


injection sites on both legs. The insulin 
measurements lasted 5 min. The results were 
corrected for background activity. 

The absorption data were presented in three 
ways: as disappearance curves illustrating the 
residual amount of radioactivity over the injection 
site at various times after injection of insulin; as 
Tzg——the time when the radioactivity over the 
injection site had declined to 50% of the initial 
value; and as the insulin absorption rates—the 
amounts of insulin absorbed in 3h (fig. 1) or 
during 24 h. 

The s.c. blood flow was calculated by the local 
xenon-133 clearance technique [2]. The rate 
constant of disappearance was computed from the 
regression lines obtained using the least square 
method for the logarithmically transformed count 
rates vs time in minutes. None of the patients 
received any medication or blood transfusions 
during the two study days. 

Results are presented as mean (SEM). Analysis 
of variance was used to test differences between 
the two study days in rate of absorption and s.c. 
blood flow. Spearman correlation test was used 
when applicable. P < 0.05 was considered stat- 
istically significant. 

Ts, for the pre- and peroperative studies were 
10.9h and 10.7h, respectively (ns). The rem- 
aining activity at the injection sites 24h after 
injection was 16 % before and 14% after operation 
(ns). The absorption rates were similar before and 
during operation at any time (fig.1). On both the 
pre- and postoperative days, the rate of insulin 
absorption increased during the first 6-8 h and 
then decreased (fig. 1). The s.c. blood flow 
calculated for 3-h periods did not differ within or 
between study days. No episode of hypotension 
was registered in any of the patients during the 
study days. 
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COMMENT 


The present study shows that major surgery has 
no effect on rate of absorption of intermediate 
acting insulin. Our results are comparable to other 
data obtained during daily life conditions [3, 4]. 

Earlier studies have reported a positive cor- 
relation between blood flow and absorption of 
insulin [3,5], which is in accordance with the 
present results where no difference was observed 
in either s.c. blood flow or absorption of insulin 
between the two days of investigation. From 
injection in the morning, the amount of insulin 
absorbed gradually increases during the first 
1-6 h; subsequently the absorption rate is ap- 
proximately constant for the next several hours, 
and thereafter it declines. In addition, because the 
stress of surgery also differs among individuals, it 
is not possible to prescribe a fixed dose of insulin 
during and after operation. Consequently, it is not 
possible to treat all patients with only intermediate 
acting insulin during and after operation and 
obtain an acceptable degree of metabolic control. 
However, the s.c. route is appropriate for admini- 
stration of insulin combined with an i.v. infusion 
of insulin, glucose and potassium during surgery. 
One of the problems of the i.v. route is that, where 
i.v. infusions are interrupted, metabolic derange- 
ment develops rapidly because of the short half- 
life of insulin. In such situations, supply of insulin 
from an s.c. depot may stabilize metabolic control 
until i.v. infusion is recommenced. Irrespective of 
the regimen used, monitoring of blood glucose 
concentrations during and after operation is of 
course mandatory to avoid hyper- or hypo- 
glycaemia [6]. 
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SIMULTANEOUS ANAPHYLAXIS TO THIOPENTONE AND 
A NEUROMUSCULAR BLOCKER: A STUDY OF TWO CASES 


D. 
M. 


SUMMARY 


Two women experienced anaphylactoid reac- 
tions after induction of general anaesthesia. Prick 
tests, intradermal tests (IDT), human basophil 
degranulation tests (HBDT) and a quaternary 
ammonium sepharose radioimmunoassay were 
undertaken several weeks later and repeated 
together with a leucocyte histamine release 
(LHR) test after 4 months. Anaphylaxis to 
suxamethonium was documented by four tests in 
patient 7 and to pancuronium by four tests in 
patient 2. Anaphylaxis to thiopentone was 
shown with IDT, HBDT and LHR in both women. 
It was concluded that simultaneous anaphylaxis 
to thiopentone and a neuromuscular blocker had 
occurred in these patients. 


KEY WORDS 

Allergy : intradermal tests. Anaesthetics intravenous: thiopen- 
tone Complications: anaphylaxis Neuromuscular relaxants. 
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Drugs used for general anaesthesia may cause 
anaphylactic reactions and result in death [1]; 
neuromuscular blockers are now the main cause 
[2-3]. Hypersensitivity to barbiturates is much 
rarer. It is essential to establish an accurate 
diagnosis of these cases in order to take preventive 
measures [1]. 

The value of skin tests, radioimmunoassay tests 
(RIA) to detect specific IgE and, to a lesser extent, 
leucocyte histamine release (LHR) and human 
basophil degranulation tests (HBDT), is now 
recognized for neuromuscular blockers and thio- 
pentone [2-5]. We present two patients in whom 
simultaneous sensitization to thiopentone and to 
suxamethonium (in one), and to thiopentone and 
to pancuronium (in the other) was demonstrated. 


A. MONERET-VAUTRIN, S. WIDMER, J.-L. GUEANT, L. KAMEL, 
C. LAXENAIRE, C. MOUTON AND H. GERARD 


CASE REPORTS 


Patients 


Patient 1. A 35-yr-old woman was scheduled 
for excision of lipoma. She had no atopy and had 
never previously undergone general anaesthesia. 
Anaesthesia was induced with thiopentone 300 mg 
and dextromoramide 1 mg, followed by suxa- 
methonium 50 mg. The trachea was intubated and 
the lungs ventilated with 50% nitrous oxide and 
enflurane in oxygen. Almost immediately, severe 
cardiovascular collapse with bronchospasm de- 
veloped, but this was treated successfully. The 
immunological investigations were carried out 7 
weeks and 4 months later. 


Patient 2. A 38-yr-old woman was anaesthetized 
for a plastic surgical procedure. Past medical 
history included hypersensitivity to penicillin and 
cyanocobalamin. She had been anaesthetized 
twice before at ages 28 and 32 yr. She was 
premedicated with hydroxyzine 100 mg daily for 
3 days. Anaesthesia was induced with thiopentone 
500 mg, and fentanyl] 100 pg followed by pan- 
curonium 4mg. There was immediate devel- 
opment of generalized urticaria and surgery was 
postponed. Immunological studies were carried 
out 4 weeks and 4 months later. 
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TABLE I. Results of the immunological tests in the two panents. PT = Prick test; IDT = intradermal 
test; HBDT = human basophil degranulanon test; LHR = leucocyte histamine release; RIA = 

radiounmunoassay. + = Postive; — = negative 
HBDT LHR RIA 
PT IDT (%) (%) (%) 
Patient No.: 1 2 1 2 1 2 1 2 i 
Suxamethonium 
First test + + 59 16.5 
Second test + + = 10.5 
Pancuronium 
First test = -+ ~~ 
Second test + + 33 40 
Thiopentone 
First test — e — + 60 67 
Second test — ~_ + + 56 67 80 38 
Immunological studies 50 
Prick tests (PT) were carried out with standard r: 

i.v. solutions (suxamethonium 1 mg ml, pan- g 40 

curonium 2 mg ml~! and thiopentone 25 mg ml") E 

on the anterior forearm and compared with a 30 

negative control with saline and a positive control 2 

with 9% codeine phosphate. The diameter of the E 20 

weal was measured 15 min later. Prick tests were = 

considered positive when the weal was 3 mm or PA 


more in diameter. 

Intradermal tests (IDT) were performed with 
diluted solutions of drugs in saline with 0.5% 
phenol at the following concentrations: suxa- 
methonium 1 ug mlt; pancuronium 2 ug ml}; 
vecuronium 4 ug ml“; alcuronium 50 ug mi}; 
thiopentone 25 and 250 ug ml; fentanyl 
0.05 ug mi~; dextromoramide 5 ug ml~. The test 
was considered positive if the weal measured 
10 mm or more in diameter after 15 min. 

With both techniques, all tests are negative in 
normal subjects at these concentrations. 

The HBDT was considered positive if the 
degranulation rate was at least 30% and if the 
degranulation curve was bell-shaped. A negative 
control was performed without calcium, and a 
positive with an anti-IgE serum (dilution 1:10? = 
10 ug mi). The tests were performed in dupli- 
cate. 

The LHR test was performed with heparinized 
whole blood in the presence of five different 
concentrations of the drugs. The histamine re- 
leased by sensitized basophils was acylated and 
measured by RIA using an anti-acylhistamine 
monoclonal antibody [6]. The total blood his- 
tamine content was measured in order to calculate 


SSO ot SC 
107 1078 1075 10% 107 107 
Drug dilution 
Fig. 1. Patient 2. Leucocyte histamine release to thiopentone 
(@) and vecuronium (A). 


the percentage of specific histamine release. This 
technique is highly specific and sensitive. The 
variation is no more than 0.1] nmol litre”. 

The quaternary ammonium sepharose RIA test 
uses an analogue of choline with a quaternary 
ammonium ion coupled to sepharose. The upper 
limit of normal values is 2% of radioactivity 
retained by the adsorbent [7]. If the response is 
positive, an RIA inhibition test is performed in 
which the serum is incubated with the incrimin- 
ated neuromuscular blocker. 

Atopy was evaluated by skin tests and an RIA 
for detection of IgE specific to current inhalants 
(Phadiatop, Pharmacia). 


Results 

Patient 1. PT, IDT, HBDT and RIA to 
suxamethonium were positive, with 75% inhi- 
bition of RIA by preincubation of the serum with 
suxamethonium (table J). For thiopentone, only 


ANAPHYLAXIS TO THIOPENTONE AND NEUROMUSCULAR BLOCKERS 


the HBDT was positive at 7 weeks, but at 4 
months the IDT and LHR were positive. The 
maximum value was obtained with thiopentone 
0.25 ug mi-?. 

Patient 2. Hypersensitivity to pancuronium was 
shown by IDT at 4 weeks (table I). At the 4- 
month test, PT, HBDT and LHR were also 
positive; moreover, the skin was cross-reactive to 
vecuronium and suxamethonium. HBDT was 
strongly positive to thiopentone at the time of 
both the first and the second tests. The same was 
also true for the IDT and LHR (fig. 1). Skin tests 
and HBDT remained negative to fentanyl. 

In both patients, atopy to inhalants was ex- 
cluded. The diagnosis was that of a simultaneous 
anaphylactic reaction to thiopentone and to a 
neuromuscular blocker. 


DISCUSSION 


Anaphylaxis to neuromuscular blocking drugs is 
associated with their quaternary ammonium 
groups, present in all these drugs [4]. IgE specific 
to thiopentone seems likely on the evidence of 
passive cutaneous anaphylaxis, HBDT, LHR and, 
lately, by RIA [5]. 

Prick tests and intradermal tests are based on 
histamine release from mast cells, induced by the 
antigen. The binding sites of the antigen, or 
epitopes, must bridge two IgE molecules in order 
to induce the release of histamine. The antigen is 
divalent or plurivalent. Because they are divalent 
molecules, neuromuscular blockers induce posi- 
tive skin tests with an excellent specificity and 
sensitivity (> 95%). 

Other drugs used in anaesthesia, including 
thiopentone, behave as univalent haptens, and 
skin tests have a low sensitivity, so that a negative 
skin test does not exclude sensitization. However, 
positive tests are specific. The IDR tests were 
positive in both of our tests (at 25 and 
250 ug ml). 

HBDT has a low sensitivity for anaesthetic 
drugs. When negative, the test is inconclusive, but 
strong degranulation is additional evidence of 
anaphylaxis, particularly if it can be produced, as 
in both our patients, with thiopentone. 
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The characteristics of the LHR tests are 
compatible with an immunological mechanism, as 
typical dose~response curves were observed (fig. 
1). 

Radiotmmunoassays with neuromuscular 
blockers coupled to sepharose have a good 
sensitivity (68%). We used an “in house” 
procedure, which gives better results (85%) [3]. 
A choline-sepharose RIA is now available (Pharm- 
acia). The specificity of the RIA to thiopentone is 
uncertain. : 

A comparison of the different tests and verifying 
the results with a second examination showed, in 
our two patients, hypersensitivity to both thio- 
pentone and a neuromuscular blocker. As far as 
we know, these are the first recorded cases of this 
type. I.v. challenge to determine sensitivity is no 
longer necessary, as the immunological investi- 
gations are as useful and much safer. 
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LV. ALFENTANIL ANALGESIA FOR PHYSIOTHERAPY 


FOLLOWING RIB FRACTURES 


A. RAVALIA AND D. SURESH 





SUMMARY 


A case is presented in which intermittent i.v. 
alfentanil was titrated to meet the analgesic 
requirements in a patient with extensive rib 
fractures, during each session of intensive chest 
physiotherapy. This method of analgesia is 
discussed and compared with other analgesic 
techniques. 


KEY WORDS 
Analgesics: alfentanil. Lung: physiotherapy, rib fractures 


Various methods have been used to facilitate the 
provision of analgesia for physiotherapy following 
rib fractures [1-3]. A case is described in which 
alfentanil was used successfully during each 
session of intensive chest physiotherapy, to pro- 
vide excellent, brief and safe analgesia in a patient 
with extensive rib fractures. 


CASE REPORT 


A 70-yr-old male (weight 65 kg) was admitted to 
hospital after a fall during which he sustained 
fractures of 12 ribs on the anterolateral aspect of 
the left chest and the clavicle on the same side. His 
previous medical history was unremarkable apart 
from heavy cigarette smoking with chronic ob- 
structive airways disease. 

On examination, he was breathless, with 
reduced air entry over the entire left lung field. 
There was no evidence of a flail segment. His 
arterial blood-gas data breathing air were: 
pH 7.40, Pco, 3.72 kPa, Po, 7.31 kPa. 

He was admitted initially to a general ward 
where analgesia was provided with intermittent 
doses of pethidine 50 mg i.m. at 3—4 h intervals. 
Two days after admission, his general condition 
deteriorated. Ventilation became laboured and 


shallow, at a rate of 35 b.p.m. There was clinical 
evidence of sputum retention and his arterial 
blood-gas data breathing air were: pH 7.49, Pco, 
6.88 kPa, Po, 5.89 kPa. Chest x-ray was consistent 
with early bronchopneumonic changes affecting 
the left side to a greater extent than the right. He 
was transferred to the Intensive Care Unit (ICU) 
and given 35% humidified oxygen via a face 
mask, and an infusion of pethidine 20 mg b-t for 
analgesia. 

It was possible neither to perform chest physio- 
therapy nor to obtain a sputum sample, as 
objection to a face mask and severe pain made the 
use of Entonox (50% nitrous oxide in oxygen, 
B.O.C.) difficult. However, a 100-ug bolus of 
alfentanil permitted production of a sputum 
sample; amoxycillin 1g i.v. was given subse- 
quently every 8h. Gram staining and culture 
of the greenish sputum failed to isolate any 
organism. 

Alfentanil provided such excellent analgesia 
and co-operation that it prompted us to defer a 
thoracic extradural in order to evaluate the 
continued use of alfentanil for physiotherapy. 

Alfentanil was diluted to 100 ug ml! with water 
for injection. The pethidine infusion was in- 
terrupted and alfentanil 200 ug i.v. given over a 
period of 2 min. The patient was then turned onto 
his right side and physiotherapy commenced 
following further alfentanil 100 ug. Additional 
doses of alfentanil 50-100 ug were given at 
2-3 min intervals to a total dose of 800 ug. There 
was no apnoea, bradycardia, hypotension or loss 
of consciousness and the patient remained co- 
operative and pain free throughout this period. 

Vigorous chest physiotherapy was carried out 
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in this manner four times daily for the next 5 days. 
An average of 750 ug of alfentanil was required 
per session. Each of these sessions, lasting 
approximately 15min, produced copious 
quantities of thick greenish sputum and a marked 
improvement in arterial blood-gases. Pethidine 
im. was substituted for the infusion on the 5th 
day, when the patient was able to tolerate 
physiotherapy without alfentanil. He was trans- 
ferred to the general ward the following day 
when his chest x-ray was clear and arterial blood- 
gas data breathing air had improved to pH 7.43, 
Pco, 5.80 kPa, Po, 9.80 kPa. He was discharged 
home 1 week later. 


DISCUSSION 


The key factor in the successful management of 
rib fractures in elderly patients with bronchitis is 
effective analgesia. Inadequate analgesia leads to 
sputum retention, atelectasis and infection 
culminating in respiratory failure. Our patient’s 
admission to the ICU is a typical example of this 


sequence of events. Administration of alfentanil ` 


i.v. averted the need for mechanical ventilation 
and allowed discharge from the ICU without 
resort to minitracheotomy or a thoracic 
extradural. 

Alfentanil was chosen for its potent analgesic 
properties and its rapid and short lived action [4, 
5]. The earlier sessions were used to determine 
the average dose requirement, which in this 
patient possibly reflects the sensitivity of the 
elderly to alfentanil [6]. Apnoea and respiratory 
depression were avoided by using small bolus 
doses titrated slowly to the patient’s analgesic 
requirements and ventilatory frequency [7]. 

Alternative methods of analgesia include 
paravertebral and intercostal block [8-10]. The 
need for multiple injections, inadvertent i.v. 
injections, total spinal block [11], pneumothorax 
and possible toxicity, are obvious disadvantages. 
Intercostal techniques were considered inappro- 
priate in our patient because of the extensive 
nature of his injury. Performance of thoracic 
extradural block requires greater technical ex- 
pertise than lumbar extradural. The use of local 
anaesthetic agents in the extradural space causes 
hypotension, especially in the elderly [12, 13]. 
Extradural opioids overcome the problem of 
sympathetic block with the additional advantage 
of the absence of motor block. Delayed respiratory 
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depression [14, 15] should restrict their use to a 
high dependency area or ICU. 

Entonox, the method of analgesia used most 
commonly for physiotherapy in rib fracures, 
requires instruction, patient co-operatior and 
acceptance of a face mask or mouth—iece. 
Atmospheric pollution [16], a compulsory Fio, of 
0.5 in a chronic bronchitic, its relative ccntra- 
indication where pneumothorax is a possibility, 
and other side effects [17], render it less suit-d for 
this purpose compared with alfentanil. 

Alfentanil was an effective analgesic for pEysio- 
therapy in this patient, but the risk of respixatory 
depression should restrict its use to situaticms in 
which resuscitative skills and equipmen_ are 
readily available. 
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CARDIAC ARREST CAUSED BY AN INCORRECTLY FILLED 
OXYGEN CYLINDER: A CASE REPORT 


B. JAWAN AND J. H. LEE 


SUMMARY 


One hundred percent carbon dioxide was admin- 
istered accidentally to a child aged 27 months 
during anaesthesia; this was caused by un- 
authorized filling of an oxygen cylinder with 
carbon dioxide. Cardiac arrest ensued, but was 
detected and treated promptly and no neuro- 
logical deficit was detectable following recovery. 
The case demonstrates a typical preventable 
anaesthetic mishap and emphasizes the impor- 
tance of monitoring oxygen supply and delivery. 


KEY WORDS 
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The delivery of a hypoxic gas mixture is one of the 
major accidental hazards to the anaesthetized 
patient. It may generally be prevented by ap- 
propriate monitoring of the anaesthetic machine 
and patient [1, 2], but incidents are still reported 
[3-5]. We present the case of a child who suffered 
a cardiac arrest after administration of 100% 
carbon dioxide instead of oxygen. Early detection 
and treatment resulted in full recovery. 


CASE REPORT 


A child aged 21 months (weight 10.5 kg) was 
anaesthetized for myelography as part of the 
investigation of an intraspinal space-occupying 
lesion. She was unable to stand straight, had 
kyphoscoliosis and walked with an unsteady 
gait. Preoperative laboratory investigations were 
normal. 

The procedure was conducted in the Radiology 
Department, which does not have a central gas 
supply system. The anaesthetic machine was 
equipped with cylinders, but was not fitted with 
an inspired oxygen analyser. 


No premedication was given. Anaesthesia was 
induced with thiopentone 7mgkg™ i.v. and 
tracheal intubation was facilitated with suxa- 
methonium 1.5 mg kg? and atropine 0.01 mg 
kg. Anaesthesia was maintained with halothane 
and nitrous oxide in oxygen. Arterial pressure and 


heart rate were monitored continuously and these 


remained within normal limits throughout induc- 
tion and maintenance of anaesthesia. 

The myelogram was performed uneventfully 
but, while waiting for the films to be developed, 
the nurse anaesthetist noted that the oxygen 
cylinder was nearly empty. A second nurse 
delivered and fitted a fresh oxygen cylinder which 
was soon brought into use. Shortly after, the 
patient’s heart rate slowed to 40 beat min`! and 
atropine 0.5 mg was given twice without effect. 
Anaesthesia was discontinued and the patient’s 
lungs ventilated with what was thought to be 
100% oxygen. Cyanosis was not noted at any 
time. Asystole occurred and external cardiac 
massage was commenced. The nurse anaesthetist 
then noted that the recently fitted oxygen cylinder, 
although painted in the regulation black colour, 
had the letters “CO,”’ written on its side. Manual 
ventilation of the lungs with air from the Ambu 
bag was commenced while a fresh oxygen cylinder 
was fitted to the anaesthetic machine. Adrenaline 
in doses of 0.1 and 0.4mg was given i.v. with 
sodium bicarbonate 8 mmol litre!, and cardiac 
activity recommenced. Lignocaine 10 mg i.v. was 
given to control some ventricular extrasystoles. 
The child began to respond to painful stimuli 
after a few minutes and was awake 1h later. No 
new neurological deficits could be detected and 
subsequently the child underwent uneventful 
excision of an oligodendroglioma. 
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The cylinder was found subsequently to contain 
99.97% carbon dioxide. The Supplies department 
had refilled an oxygen cylinder with carbon 
dioxide for the Department of Dermatology to 
undertake frozen sections of biopsy specimens. 
The cylinder colour was left as black (the 
regulation colour for oxygen; carbon dioxide 
would be blue) and the letter “C” had been added 
to the “0O,” already painted on the cylinder. With 
the exception of this single change, the cylinder 
was indistinguishable from a correctly filled 
cylinder. 


DISCUSSION 


Our patient was exposed to 100% carbon dioxide 
and was thus both hypercapnic and hypoxaemic, 
in contrast with the more usual accident when 
100 % nitrous oxide is given. 

The effect of carbon dioxide on the heart is 
complex [6]. A direct depressant effect on the 
myocardium [7] is countered by stimulation of the 
sympathetic nervous system [8]. However, in- 
creasing the Paco, to greater than 40 kPa in dogs 
caused a progressive reduction of cardiac output 
[9]. 

Inspiring 30% carbon dioxide resulted in no 
serious disturbances of cardiac rhythm in one 
human study [10] and accidental administration 
of 60% carbon dioxide was also without cardiac 
effect [11]. Paco, in excess of 73 kPa did not 
affect cardiac rhythm in dogs [12]. Von Bucherl 
progressively increased Paco, in dogs and asy- 
stole did not occur until it exceeded 93 kPa [13]. 
Paco, was not measured in the present patient, but 
theoretically could have approached 95 kPa. 
Carbon dioxide also induces respiratory acidosis 
which can develop rapidly; arterial pH has been 
reported to decrease from 7.37 to 6.96 after only 
20-35 breaths of 30% carbon dioxide [14]. 
Acidosis both has a depressant effect on the 
myocardium [15] and induces arrythmias [16], 
commonly bradycardia secondary to increased 
vagal tone [17]. Bradycardia progressing to asy- 
stole was the presenting arrythmia in the present 
patient. 

The normal heart appears to be relatively 
resistant to hypoxaemia. Cardiac arrest in dogs 
occurred in 10-17 min when 1% oxygen was 
given, but in 24-52 min when 2% oxygen was 
given [18]. Tachycardia and hypertension were 
the initial response, with bradycardia supervening 
only shortly before asystole. Epstein and col- 
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leagues reported a patient in whom severe brain . 
damage occurred when 100% nitrous oxide was 
given without any cardiac disturbance [19]. 

The rapid onset of bradycardia and asystole and 
the absence of any neurological sequelae in our 
patient suggest that hypoxaemia was not the most 
likely cause of the cardiac arrest and that the 
hypercapnia and acidosis must have been at least 
contributory. This was confirmed by the ap- 
pearance of the child, who was pale and not 
cyanosed, suggesting that circulatory collapse 
developed early. The hypercapnia and the pres- 
ence of halothane also may have exerted a 
protective effect on the brain, by increasing 
cerebral blood flow (20, 21]. A child’s brain may 
also be more tolerant of hypoxaemia than that of 
an adult [22]. 

This case report illustrates several important 
factors in anaesthetic mishaps. First, a chain of 
events may usually be seen: the original error of 
the Supplies department was compounded by the 
failure of at least five persons, including an- 
aesthetic staff, to check the cylinder and notice the 
alteration. Second, the sudden occurrence of 
bradycardia may not be caused by hypoxaemia. 
Third, monitoring of inspired oxygen concen- 
tration and oxygenation of the patient by pulse 
oximetry should become mandatory if similar 
future mishaps are to be prevented. 
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COMPARISON OF CANDIDATES WHO PASSED OR FAILED 
THE FINAL (PART THREE) EXAMINATION FOR THE 


F.F.A.R.C.S.CENG.) IN 1988 


A. C. DAVID, R. A. ELTON, A. A. SPENCE AND D. J. HATCH 


SUMMARY 


All 484 candidates for the 1988 Fellowship in 
Anaesthesia (Part Three) were surveyed to 
investigate any differences between successful 
and unsuccessful candidates in study tech- 
niques, work and domestic factors, and exam- 
ination history that might lead to better guidance 
to those preparing for the examination and an 
improvement in the current success rate of less 
than 30%. Candidates’ views were sought also 
on the examination process. The response rate 
was 67%. Forty-two percent of respondents 
passed the examination. Forty-seven percent of 
successful and 55% of unsuccessful candidates 
considered their clinical workload was excessive. 
Successful candidates reported better depart- 
mental support, more systematic and adequate 
preparation, and a better knowledge of the scope 
of the examination. Unsuccessful candidates 
were more likely to have had a personal or family 
crisis or change in job which impeded their 
preparation for the examination. Almost 50% of 
all respondents were unhappy with the method 
of announcing results. 


KEY WORDS 


Organizations: College of Aneesthetists. Audit: Examina- 
tlons, F.C.ANAES., F.FAR.C.S. 


The College of Anaesthetists, formerly the Fac- 
ulty of Anaesthetists of The Royal College of 
Surgeons of England, offers a series of three 
examinations to those wishing to be admitted to 
the Fellowship (F.c.ANAES, formerly F.F.A.R.C.S.). 
A similar series of examinations is available at 
The Royal College of Surgeons in Ireland 
(F.F.A.R.C.S.1.), and there is reciprocity between 
the Colleges. The final Part Three examination 


tests a wide range of knowledge in Anaesthesia, 
Intensive Care and related clinical subjects. There 
is an essay and a multiple choice paper, an 
examination in clinical medicine and surgery 
based on the examination of a patient, and two oral 
(viva voce) sessions. Each candidate is examined 
by a total of at least eight examiners. Entry 
requirements include a minimum of 2 years of 
approved training in anaesthesia, but many candi- 
dates have trained for longer. 

The results of the Part Three examination are 
published in the College minutes. The failure rate 
in this examination is usually more than 70%, 
which is of concern to tutors, examiners and 
candidates. It also concerns the College, which 
monitors many aspects of the examination in 
order to produce a fair test which maintains a high 
standard. As part of this process, candidates who 
presented for the Part Three F.F.A.R.C.S.(ENG.) 
examination at the winter and summer diets of 
1988 were surveyed between November 1988 and 
February 1989. We were interested in any differ- 
ences between those who passed and those who 
failed that might form the basis of better guidance 
to candidates or changes in the examination. The 
questionnaire sought information on work and 
domestic factors which might impair preparation 
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SURVEY OF FELLOWSHIP CANDIDATES 


for the examination, previous examination history 
and methods of study including preferred reading. 
Respondents were asked if the various parts of the 
examination process had been acceptable and if 
they wished to comment on any aspect of the 
examination. The survey was commissioned and 
funded by the College of Anaesthetists. 


METHODS 


In 1988, 484 candidates entered for the Part 
Three F.F.A.R.C.S.(ENG.). Hach was sent an enquiry 
form to the address held in the Examinations 
Department of the College. The replies were sent 
to the College, where the names of respondents 
were separated from the questionnaire and 
checked against the mailing list. The form was 
sent to Edinburgh for processing with all identi- 
fiers removed. Anonymity of respondents was 
guaranteed. After 1 month, a second mailing was 
sent to non-respondents. A copy of the form may 
be obtained by enquiry to the first author. 


RESULTS 


Three hundred and twenty-three candidates com- 
pleted the questionnaire, 50 of these in response 
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to the second mailing—an overall response rate of 
67%. Separate analysis of those who replied to 
the first and to the second mailing showed no 
significant differences between the respondents. 
In attempting to follow up non-respondents we 
believe that approximately 20 % of the cohort did 
not receive a questionnaire because of change of 
address. One hundred and thirty-five of the 
respondents passed the F.F.A.R.C.S.(ENG.) in 1988, 
52 in the spring diet and 83 in the summer diet. 
‘Twenty-four respondents passed the F.F.A.R.C.S.1. 
only, and three candidates passed both examina- 
tions. Among our respondents the pass rate in the 
F.F.A.R.C.S.(ENG.) was 42 %. If those successful in 
the F.F.A.R.C.S.1. only are included, the pass rate 
among our respondents was 49%. The pass rate 
in the F.F.A.R.C.S.(ENG.) for 1988 was 33% (160/ 
484). The replies for the respondents successful in 
the F.F.A.R.C.S.1. have been analysed separately, 
but there were no marked differences between 
this group and the successful F.F.A.R.C.S.(ENG.) 
respondents. The results below include as passes 
those successful in one or other exam. 

Not all respondents answered all the questions. 

The pass rate was higher for women than for 
men, and for single than for married doctors 


TABLE I. Demographic data 


Pass Fail 

Mean (sD) No. % Mean (sp) No. % 
Age (yr) 30 (2.7) 32 (4 4) 
Male (% of all male respondents) 106 48 117 52 
Female (% of all female respondents) 52 53 47 47 
Single (% of all single respondents) 62 55 50 45 
Married (% of all married respondents) 92 46 107 54 
Other 4 5 


TABLE II. Usefulness in preparation. Ranking of usefulness of learning methods expressed as percentage of 

total number passing or total number failing who answered each part of this question. For clarity the first 

and sixth (lowest) rank are shown. Some respondents ranked equal first more than one choice. *P < 0.05; 
Mann-Whitney rank sum 





Pass Fail 
Ist (%) 6th (%) lst (%) 6th (%) 
Private study 73 5 69 3 
Tutorials 8 5 * 20 1 
Lectures 7 16 6 21 
Theatre teaching 7 30 5 33 
Talking with seniors 6 13 12 13 
Talking with examinees 12 19 12 12 
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TABLE III. Impeding factors. Number of respondents citing TABLE VI. Method of preparation. Number, % as for table 
factors, expressed also as percentage of total number passing or III. P < 0.001 for overall difference between those passing and 


total number failing who expressed an opinion. *P < 0.05; chi- 
square test 


Fail 


Clinical work 75 47 91 55 
Domestic change 23 14 35 21 
Change of job 12 8 * 26 16 
Personal crisis 12 8 * 28 17 
Family crisis 10 6 * 22 13 
Other 10 6 21 13 
Health 7 4 9 5 


TABLE IV. Departmental support stated to be adequate in the 
given areas. Number, % as for table III. *P < 0.05; **P < 
0.01; ***P < 0.001; chi-square test 


Pass Fail 
No. % No % 
External courses 106 72 wk 84 56 
Library 101 68 93 62 
Mock orals 89 59 em 54 36 


Tutorials 87 Sf (NER 57 38 
Private study time 76 51 is 58 39 
Internal courses 72 49 55 37 
Essay practice 70 47 x 50 33 


TABLE V. Areas of clinical experience lacking. Number, % as 
for table III. *P < 0.05 


Pass Fail 


No lack 85 53 76 46 
Lack 71 45 83 5l 
Thoracic 32 20 42 26 
Cardiac 32 20 33 20 
Neurosurgery 24 15 33 20 
Paediatric 19 12 * 33 20 


(table I). None of these differences is statistically 
significant. 

Ninety-seven percent of all respondents pre- 
pared for the examination in the United Kingdom. 

Table II shows the ranking of candidates’ 
opinions of the usefulness in preparation of 
various learning modalities. Private study clearly 
emerged as the most useful, and the only signifi- 
cant difference between those passing and failing 


failing (chi-square test) 


Pass Fail 
No yA No % 
Planned 106 67 76 47 
Bursts of activity 50 3l 76 47 


No special preparation 3 2 11 7 


TABLE VII. Candidates’ optnions of adequacy of preparation 
and scope of examtnation. Number, % as for table III. ***P 
< 0.001; chi-square test with Yates’ correction 


Pass Fail 
No % No. % 
Felt adequately prepared 107 68 *** 62 38 
Knew scope of exam 131 93 *** 101 70 


TABLE VIII. Difficulty with other examinations. Number, % 
as for table III 


Pass 
No. % No. % 


Other exam 50 31 62 38 


Areas of difficulty 

(% of those with drfficulty) 
Orals 29 58 23 37 
Essays 18 36 28 45 
MCQ 16 32 23 37 
Clinicals 12 24 17 27 
Other 1 2 3 5 


was for tutorials, which the unsuccessful candi- 
dates rated more highly. 

Table III shows factors which respondents 
thought impeded their preparation for the exam. 
A high proportion of respondents cited excess 
clinical work and a change in domestic circum- 
stances. Other factors were cited less often. 
Further analysis by multiple logistic regression 
shows that personal crisis, family crisis and 
changing job contributed independently in pre- 
dicting whether a candidate passed or failed. 

Table IV shows the support respondents felt 
they had from their departments. Those passing 
indicated they had better support overall than 
those failing. This difference was particularly 
marked for external courses, tutorials, mock orals 
and essay practice. Many of the respondents 
considered they had inadequate private study 


time. 


_ SURVEY OF FELLOWSHIP CANDIDATES 


755 


TABLE IX. Textbooks and Journals used. % as for table III. For brevity, we have used shortened titles 


General texts 
Lee’s Synopsis 
Wylie, Churchill- Davidson 
Hutton, Cooper: Guidelines 
Smith, Aitkenhead 
Miller 
Rubenstein: Lecture Notes Medicine 
Gray, Nunn, Utting 
Corke, Jackson: Companion Part 3 
Sctentific Foundations 
Davidson’s Principles Medicine 
Special texts 
Ellis: Anatomy for Anaesthetists 
Kaufman: Anaesthesia Reviews 
Ward: Anaesthenc Equipment 
Moir: Obstetric Anaesthesia 
Parbrook: Physics and Measurement... 
Gothard: Thoracic Anaesthesia 
Eriksson: Local Anaesthesia 
Hinds: Intensive Care 
Oh: Intensrve Care 
Sykes, Vickers, Hull: Measurement... 
Hatch, Sumner: Neonatal Anaesthesta 
Recent Advances m Anaesthesia 
Wildsmith, Armitage: Regional... 
Branthwaite: Cardiac Anaesthesia 
West: Respiratory Physiology 
Vickers: Mediane for Anaesthetists 
Vickers: Drugs in Anaesthetic Practice 
Steward: Paediatric... 
Willatts, Walters: Neurosurgical... 
Ganong: Medical Physiology 
Calvey, Williams: Pharmacology 
Stoddart: Trauma 
Morgan: Obstetrics 
Other 


British Journal of Anaesthesia 
British Journal of Hospital Medicine 
Canadian Journal of Anaesthesia 
Anesthesiology 

British Medical Journal 

Hospital Update 

Anesthesia and Analgena 
Anaesthesia and Intenstve Care 
Lancet 


Table V shows that approximately 50% of the 
candidates considered there were areas of clinical 
experience to which they had insufficient ex- 
posure. Anaesthesia for thoracic, cardiac, paedi- 
atric and neurosurgery were most frequently 
cited. Also mentioned were Pain Clinics, In- 
tensive Care, General Medicine, and anaesthesia 
for neonates and for patients with burns. 

Table VI describes the respondents’ perception 


Pass(%) = Fail (%) 
59 68 
57 62 
40 32 
33 24 
19 20 
16 20 
I] 19 

9 6 
6 9 
5 9 
34 36 
33 32 
29 37 
a7 21 
26 31 
26 9 
25 16 
23 20 
21 21 
15 17 
14 11 
14 7 
14 6 
9 5 
8 10 
7 13 
6 10 
6 4 
6 4 
5 4 
5 2 
4 2 
3 5 
- 36 37 
90 91 
80 TT 
38 42 
36 26 
19 17 
15 13 
10 8 
6 8 
5 3 
3 5 


of their method of study. The greatest difference 
between those passing and failing was in the 
frequency of planned study. 

Table VII shows the candidates’ opinionas of 
their state of preparedness for the examination. 
More than 60 % of those who failed thought they 
were prepared inadequately, and 30% claimed 
not to know the scope of the examination. 

Table VIII demonstrates that, although about 
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TABLE X, Arrangements for Part Three acceptable. Number, 
% as for table IIT **P < 0.01; chi-square test 


Pass Fail 

No. % No. % 
Enrolment 149 96 154 98 
Written papers 148 95 148 93 
Clinical 147 95 ** 114 83 
Orals , 146 93 xx 114 83 
Announcing results 86 54 78 53 
Exam office staff 157 99 156 99 
Stewards 155 98 156 99 
Patients 155 98 134 96 
Examiners 137 88 ** 102 73 


35% of respondents had problems with other 
exams, no clear differences emerged between 
those who passed and failed in this exam. 

Forty-one percent of the successful respondents 
passed the examination at their first sitting, and 
27% had had three or more attempts before they 
were successful. 

Table TX indicates the respondents’ choice of 
reading. There are no marked differences between 
the successful and unsuccessful candidates’ pre- 
ferred reading. 

Table X shows the candidates’ evaluation of the 
arrangements for the examination. Nearly 50 % of 
respondents considered the method of announc- 
ing results unacceptable; currently the successful 
candidates’ numbers are read by a steward at the 
end of each day of the final section of the 
examination. 

Fifty-three percent of the respondents who 
passed and 50% of those who failed commented 
on the examination in the section of the ques- 
tionnaire devoted to free expression. Sixty-three 
respondents commented on the method of an- 
nouncing results. Ten percent of the successful 
and 22% of the unsuccessful candidates were 
dissatisfied with the conduct of the examiners. 
Some considered the examiners’ questions were 
not well formulated, and that the examiners were 
not familiar with recent advances in the specialty. 
A small minority found the examiners unsym- 
pathetic and aggressive. There were 17 complaints 
regarding the clinical, ranging from unco- 
operative patients to noise in the examination hall. 
Only nine candidates commented on lack of 
feedback after the examination. There were a few 
complaints, less than five in each category, 
regarding other aspects of the examination. 
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Examples of these include the date of the English 
examination in relation to the Irish examination, 
and the timing of the various sections of the Part 
Three examination. 

Of those respondents that failed the Part 
Three (ENG.) in 1988, 85% propose to have a 
further attempt at the English exam and 4% 
propose to leave the specialty. 

Eighty-two percent of the respondents who 
passed seek a career in the U.K., compared with 
74% of those who failed. 


DISCUSSION 


The analyses presented in this paper are based on 
the information provided by our respondents. We 
did not seek any means of verifying the replies, 
and the response rate was higher among the 
successful candidates. There was no evidence that 
respondents felt inhibited in expressing their 
opinions. 

Approximately 50 % of respondents considered 
their clinical work was excessive and impeded 
preparation for the exam. More of the unsuc- 
cessful candidates considered the support given 
by their departments was inadequate. This in- 
cluded less time for private study and leave to 
attend external courses, and less assistance in 
mock orals, essay practice and tutorials. This may 


explain why more of the successful candidates ` 


considered their preparation for the examination 
was systematic and thorough. The successful 
candidates also considered they had a better idea 
of the scope of the examination. Those failing 
were more likely to have had a personal or family 
crisis or change in job which impeded their 
preparation for the examination. 

The Junior Anaesthetists’ Group of the As- 
sociation of Anaesthetists of Great Britain and 
Ireland surveyed the workload, training and 
career plans of the population of all Registrars in 
the United Kingdom in 1986 [1]. Our survey 
population comprised those who had sat the Part 
Three in 1988 and we were interested specifically 
in preparation for and performance in the exam- 
ination. However, the 1986 survey showed an 
increase in first time pass rate in the Part Three 
amongst Registrars who had had practice of case 
presentations, personal study time, study leave, 
clinical teaching and the opportunity to attend 
seminars. This supports our finding that increased 
departmental support is associated with improved 
pass rate. 
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In his review of Postgraduate examinations [2], 
_ Parkhouse commented that the Faculty of Anaes- 
thetists had the lowest pass rate of all the Royal 
Colleges: 27 % for British and 9% for Overseas 
doctors in the 1985—6 diets. In 1988, the overall 
pass rate was 33 % (160/484). Parkhouse suggests 
that poor performance in postgraduate examina- 
tions may be a result of conflicting interests in 
postgraduate training, NHS service commitment 
and the need to earn a living. Our study supports 
this opinion. Those candidates with better support 
from their departments were better prepared and 
did indeed achieve improved results in the 
examination. Parkhouse’s suggestions of “proper 
planning and implementation of postgraduate 
training, regular assessment of trainees and 
realistic advice on the continuation of training 
after a probationary period” are also worthy of 
consideration. 

This enquiry has been conducted as an audit of 
part of the exam process. Vickers has expressed 
some criticism of the present exam [3-5]. He 
suggests there should be guidance on and checking 
of marking in the essay questions, reappraisal of 
the multiple choice paper and more rigorous 
assessment of the oral examiners. Although this 
survey was not designed to investigate these 
criticisms, some interesting points have emerged. 
Fifty-two percent of our respondents criticized 
the “examination process” in the broadest sense, 
from entrance dates to travel difficulties. About 
30 % of the comments related to the examiners at 
the orals, and 11% to the clinical exam. Some 
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candidates suggested that results should be 
announced on a printed sheet at the end of each 
day. At present the successful candidates’ 
numbers are read out in the College Hall. 

‘The College has a standing Examination Com- 
mittee which reviews the examination and may 
propose changes to the examination process. 
Candidates for the Part Three perceive many of 
their difficulties arise from inadequate support at 
a local level where the College has no direct 
control. It is hoped that this study will contribute 
to the continuing process of review by the College, 
and will aid candidates and their departments in 
their preparation for and success in the exam- 
ination. 
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CORRESPONDENCE 


EXAGGERATED PHYSIOLOGICAL RESPONSES TO 
PROPOFOL IN MYOTONIC DYSTROPHY 


Sir,—-Dr Speedy’s case report [1] is at variance with our 
experiences of propofol in myotonic dystrophy [2]. We used 
continuous infusions of propofol and atracurium during a +h 
oral surgical procedure; total doses were 2488 mg and 75 mg, 
respectively. There were no intraoperative problems and 
operating conditions were excellent. Emergence from an- 
aesthesia was rapid (10 min until eye-opening) and there were 
no postoperative problems. We have since anaesthetized the 
same patient for an abdominal hysterectomy and another 
patient for cataract extraction, using the same technique, 
without perioperative problems. 

Use of a neuromuscular blocking drug may have prevented 
coughing and ocular myotonia, necessitating the use of a 
volatile agent with potent vasodilator properties. The hypo- 
tensive episode noted by Dr Speedy appears to be related to 
the introduction of 1% isoflurane, and resolved on reducing 
the inspired concentration. We have noted that propofol and 
isoflurane have an additive effect on arterial pressure in normal 
patients. 

Dr Speedy correctly states that hypothermia and recovery 
from volatile anaesthesia may induce shivering, a potent cause 
of myotonia and the reason why we avoided volatile agents. 
Total i.v. anaesthesia using etomidate (although no longer 
recommended for infusions) has been reported previously in 
patients with myotonic dystrophy [3]. 

D. A. WHITE 
D. G. SMYTH 
Ely 
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Sir,—The differences in response to propofol between the 
patient described by Drs White and Smyth [1] and my patient 
[2] are interesting, but not surprising. Patients may present 
with a wide variation in severity of disease from asymptomatic 
to severely disabled. It is apparent that, while some patients 
respond more or less normally to a variety of drugs, others 
show a very abnormal response to the same agents. 

The patient described by Drs White and Smyth could walk 
100 m and, unless exceptionally tall, had a normal weight and 
spirometry values. They make no comment on their patient's 


cerebral status, so presumably it was unremarkable. In 
contrast, my patient had severe limitation of mobility, marked 
loss of muscle mass and a forced vital capacity less than 50% 
of predicted. Furthermore, he suffered from severe lethargy 
and daytime somnolence and his family had noticed a marked 
deterioration in mental alertness over the preceding year. 
Although I did not formally assess psychometric state, the 
patient had marked impairment of cerebral fimction, pre- 
sumably because of degeneration. The differences between our 
patients in physical and mental status would appear to be 
marked, and may explain the longer time required for my 
patient to recover normal ventilatory function and conscious- 
ness. 

As our patients were different, it is perhaps not surprising 
that we chose different techniques. I chose to use isoflurane as 
a means of reducing muscle tone and ensuring immobility 
without recourse to neuromuscular blockers [3]. Isoflurane has 
the added advantage of being eliminated more rapidly than i.v. 
anaesthetic agents and non-depolarizing neuromuscular 
blockers. I accepted the risk of postoperative shivering which 
18 less with isoflurane than with other volatile agents [4]. In 
the event, neither shivering nor myotonia occurred after 
operation. I would agree with Drs White and Smyth that 
hypotension was an additive effect with propofol; 1% 
isoflurane was clearly more than was required in this patient 
after initial loading, and the problem resolved when the 
inspired concentration was reduced to 0.5%. 

If this patient presented again for similar surgery, I would 
modify my technique in the light of the experience already 
gained: avoid all i.v. anaesthetic agents and use an inhalation 
induction with rapidly eluminated gases or vapours; use 
atracurium, titrated carefully to effect to facilitate tracheal 
intubation and ensure intraoperative immobility (I have been 
impressed by other authors’ reports of using this drug 
successfully ın myotonic subjects without the need to reverse 
paralysis with neostigmine (5]); use nitrous oxide administered 
by controlled ventilation for anaesthetic maintenance, and the 
minimum amount of isoflurane to ensure adequate depth of 
anaesthesia and satisfactory operating conditions. 

I would make no recommendations on the anaesthetic 
technique for any other patient with this disease, as the 
severity of its manifestations is so variable. 

H. M. SPEEDY 
Leeds 


REFERENCES 


1. White DA, Smyth DG. Continuous infusion of propofol 
in dystrophia myotonica. Canadian Journal of Anaesthena 
1989; 36: 200-203. 

2. Speedy H. Exaggerated physiological responses to pro- 
pofol in myotonic dystrophy. British Journal of An- 
aesthesia 1990; 64: 110-112. 

3. Saidman I.J. The response of patients with neuromuscular 
disorders to muscle relaxants: a review. Anesthestology 
1984; 61: 173-187. 


CORRESPONDENCE 


ew 


4. Spence AA. Postoperative recovery and oxygen therapy. 
In: Smith G, Nimmo WS, eds. Anaesthena. London. 
Blackwell, 1989; 492-501. 

5. Boheimer N, Harris JW, Ward S$. Neuromuscular 
blockade in dystrophia myotonica with atracurium 
besylate. Anaesthesia 1985; 40: 872-874. 


A MODIFIED CIRCLE BREATHING SYSTEM 


Sir,—It is more than 60 years since circle breathing systems 
were first described. They offer the advantages of economical 
use of inhalation anaesthetic agents, humidification of gases 
and reduction in pollution of the operating theatre. Ther 
disadvantages are that the circuit is often cumbersome and the 
inspired concentrations of both oxygen and anaesthetic agents 
are not Known precisely unless they are measured in the 
inspiratory limb of the system. Doctors are under constant 
pressure to reduce the costs of patient care. This is a laudable 
objective, but 1t must not be achieved at the expense of safety. 

We have designed a modified circle breathing system which 
is safe, efficient and less cumbersome than traditional circle 
systems. A soda-lime canister is attached directly to the gas 
outlet of the anaesthetic machine. Thereafter the components 
are: a 2-litre reservoir bag; a 1.5-m length of 22-mm diameter 
breathing tubing and a transparent Ambu E vaive. A further 
1.5-m length of 22-mm tubing connects the Ambu E valve to 
the soda-lime canister via an exhaust valve attached directly to 
the canister (fig. 1). After induction of anaesthesia, relatively 
high fresh gas flows are used to obtain surgical anaesthesia 
with spontaneous ventilation. Thereafter flows are reduced to 
500 ml min`? of oxygen and 800 ml min“! of nitrous oxide. 

There is a major reduction in the amount of inhalation 
anaesthetic agent used. In order to be sure that the patient is 
being oxygenated adequately, both the inspired oxygen 
concentration and the arterial oxygen saturation should be 
monitored. It is useful also to measure end-tidal carbon 
dioxide concentration, 

Although this breathing system does not conform to the 
most efficient arrangement for a circle system [1] its advantages 
are that it is lightweight; 1t attaches directly to the gas outlet 
of the anaesthetic machine; and it is inexpensive both to buy 
and to use. We have used it for the past year for spontaneous 
ventilation as a satisfactory alternative to other breathing 
systems in common use. 

The breathing system is marketed as “The MIE Exeter 
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Fra. 1. Modified circle breathing system. 


Breathing System ” and may be obtained from: MIE Dentsply, 
Falcon Road, Sowton Industrial Estate, Exeter EX2 7NA. 


F. P. F. MARSHALL 
B. W. PERRISS 
V. J. RODRIQUEZ- GOMEZ 
J. F. SEARLE 
Exeter 
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BOOK REVIEWS 


Acetdental Hypothermia and Near Drowning, 1st Edn. Edited 
by R. C. G. Gallandat Huet, T. S. M. Euverman, N. R 
Coad, R. de Vos and C. F. Karliczek. Published by Van 
Gorcum & Co. BV, Assen, The Netherlands. Pp. 122; 
illustrated. Price D.fi. 65. : 


This little book 18 the edited proceedings of a Symposium held 
m Groningen in the Netherlands ın November 1987. 

The majority of the contributors come from the Netherlands 
and have considerable experience in the subject because of that 
country’s relatively long coastline and extensive canal network. 
Other contributions come from Germany, Norway, Austria 
and the U.K. 

Chapters in the book cover the history of the treatment of 
near drowning, the organization of the research systems in 
Holland and West Germany and the pathophysiology of near 
drowning and hypothermia including the after drop, after 
immersion and secondary complications occurring at a later 
stage. The passive/active rewarming controversy is debated 
and techniques of rewarming using peritoneal lavage and 
cardiopulmonary bypass discussed and illustrated by case 
reports. The panel discussion is reproduced and the book is 
supplemented by Appendices summarizing the epidemiology 
and treatment. 

Included with the book is a small pocket-size plasticized 
card which is a useful aide memoire resumé of the procedures 
to be followed in the management of the hypothermic near 
drowned patient (unfortunately in Dutch, but no doubt could 
be translated if there was a demand). 

Frequently, publications of symposium proceedings are 
disjointed, but this book is to be regarded as an exception. 
Naturally there is some overlap between contributors, but by 
and large this is kept to a minimum and compensated by the 
fact that there is a vast amount of sound information contained 
within the 122 pages. The English 18 not perfect in parts, but 
is perfectly comprehensible. Some of the spoken phrases such 
as “I thank you for your attention ” should have been omitted 
by the editors. There is a comprehensive list of over 150 
references. 

In all, I would recommend this book to all Anaesthetists, 
Physicians and Accident and Emergency specialists who work 
in a district where water and hypothermia are a hazard. It is a 
useful up-to-date synopsis of the subject. 

P. FJ. F. Baskett 


Anaesthetic and Extracorporeal Gas Transfer. By K. Dorring- 
ton. Published by Oxford University Press, Oxford. Pp. 
274; indexed; illustrated. Price £35.00. 


This is the ninth book in the Oxford Medical Engineering 
series. The author indicates that his aim 1s to present a 
rigorous analysis of a wide range of gas transfer problems of 
common interest in anaesthesia and intensive care The book 
contains material which forms part of the teaching syllabus in 
the Faculty of Engineering in Oxford. The contents include 
sections on oxygen and carbon dioxide transport, medical 


breathing systems and anaesthetic vaporizers. The further 
applications of mechanical ventilation and transfer of both 
oxygen and carbon dioxide in extracorporeal lungs are 
discussed. 

This book is directed particularly at anaesthetists and 
biomedical engineers. It contains a wealth of theoretical 
analysis, with particular emphasis on mathematics. Physical 
principles dealt with ın detail include revisions of the kinetic 
theory of gases, the laws of thermodynamics and the flow 
characteristics of a Newtonian liquid. The book is well 
supplemented with clear diagrams which complement the text. 
Test problems are presented at the end of most chapters, 
together with a further reading list. This book is likely to be of 
considerable value to general and cardiac anaesthetists in 
training, to biomedical engineers and to those scientists 
involved in equipment design and manufacture in the 
anaesthetic and cardiac surgical fields. 

K. M. Taylor 


Chmcal Respiratory Physiology, 1st Edn. By A. E. Taylor, K. 
Rehder, R. E. Hyatt and J. C. Parker. Published by W. B. 
Saunders Company, Philadelphia. Pp. 300; indexed; 
illustrated. Price £13.95. 


This book has a superficial resemblance to Respiratory 
Physiology—The Essentials by John West, but closer inspection 
shows that it is a considerably more thorough account. It is 
written by expert contributors, and is a competent, work- 
manlike and accurate account of almost the whole field of 
respiratory physiology. It includes a fascinating chapter on 
altitude and diving, a useful chapter on therapeutic ventilation, 
and a chapter on acid-base regulation. Consequently, as it 
covers more ground and in more detail than West’s book, in 
places it is highly “concentrated” and the newcomer or person 
wishing to revise old and rusty knowledge will have to 
concentrate hard. For example, the isovolume pressure~flow 
curve is introduced as a concept in a few lines, as is the concept 
of “diffusion and perfusion limitation” of pulmonary gas 
transfer. 

When material has to be covered in such limited space, 
equitable distribution is vital. In places this has not occurred, 
perhaps because of the interests of the authors: the space given 
to assessment of the change in Vmax,,, which is then dismissed 
as of no clinical value, is the same as given to the introduction 
of the isovolume pressure—flow curve, which is a crucial 
ingredient of the chapter concerned. This problem of con- 
centration of content is greatest, and probably excessive, in 
the chapter which covers acid-base balance, including the 
Siggaard~Andersen nomogratn, in 16 pages. 

The chapters on the pulmonary circulation are excellent, 
and the account of pleural and bronchial fluid balance is 
unlikely to be readily available elsewhere. This comment 
applies also to the chapter on control of respiration, but it is 
not stated that all the diagrams are of cat brains} The 
illustrations are a large number of clear line diagrams and good 
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electron micrographs, many original, and others from sources 
such as The Pathway for Oxygen by E. Weibel. These diagrams 
relate well to the text. 

Conventional areas, such as respiratory mechanics and gas 
exchange are covered well. However, cover of areas where 
there is currently much interest, such as the upper airway and 
the respiratory muscles, is small and perhaps could be 
increased in a second edition. 

At the end of each chapter is some suggested reading which 
is most useful, although some of the sources are likely to be 
heavy going for the average reader (e.g. Loescke’s chapter on 
central chemoreceptors). There are also useful questions, of 
varying severity, to test comprehension. 

The book is well produced: there are only very few 
typographical errors, and it is well laid out. In one place, the 
Venturi mask seems to be suggested as a means of artificial 
ventilation with pure oxygen (page 220). 

As it stands, this book represents the most comprehensive 
short account of respiratory physiology available, and I 
imagine that it will be very valuable to examination candidates 
who wish to show that they know a little more than the 
“basics”, In a second edition, with a little altered emphasis, 
and the odd alteration (one of the authors wishes to ‘“‘recant”’ 
on the inclusion of a diagram which ıs no longer likely to be 
correct!) it will be first class. 

G. B. Drummond 


Anaesthesia for Uncommon Diseases, 1st Edn. By B. J. Pollard 
and M. J. Harrison. Published by Blackwell Scientific 
Publications, Oxford. Pp. 271; indexed. Price £16.50. 


In this book of 271 pages the authors describe, albeit very 
briefly, almost as many medical conditions; for each condition 
is provided at least one reference to a paper written since 1960 
describing relevant anaesthetic experiences. Not all the 
medical conditions mentioned are uncommon—for example 
multiple sclerosis, sickle cell disease, hyperthyroidism, obe- 
sity—and not all are medical conditions—for example athlete’s 
heart, transplanted heart, tracheal reconstruction. However, 
the majority do fall into the uncommon medical category, 
although regrettably the rarity of the disease is indicated only 
occasionally. 

I tested the usefulness of the book by asking senior registrars 
to name diseases they would like to see in such a text; more 
than 67% were included. The diseases are listed alpha- 
betically, but this can lead to confusion, as Stevens Johnson 
syndrome is listed as erythema multiforma, and Maple-syrup 
urine disease under branched chain ketonuria. However, there 
is a carefully constructed index which includes many of the 
synonyms of the medical rarities included. 

This is not a medical textbook. The inserts can be quite 
confusing if a medical understanding is expected. For example, 
the muscular dystrophies are included under one heading, 
although the myotonias and the myopathies are scattered 
throughout. The book might have been improved by inclusion 
of simplified classifications for the various types of related 
metabolic disorder, dysostoses, CNS atrophies, etc. 

An attractive feature is a clear statement of the authors’ 
understanding of the major anaesthetic problems likely to be 
encountered with each disease. These precede the brief text, 
which is sometimes limited merely to a summary of the main 
findings in a paper to which the authors refer. 
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This is a useful book for all anaesthetists. It does not 
displace a good medical textbook or the other longer books on 
Uncommon Diseases, such as Katz and Kadis. Yet it will be 
appreciated by all who do not have easy access to a medical 
library and will prove invaluable to the acute anaesthetic team 
when a terse account of a medical rarity and its anaesthetic 
hazards may be all that is required. 

F. R Ells 


Depth of Anaesthesia. Bailhère’s Chimical Anaesthesiology, Vol. 
3, No. 3, December 1989. Edited by J. G. Jones. Pub- 
lished by Balliére Tindall. Pp. 677; indexed; illustrated. 
Price £18.50. 


This volume of the Chnical Anaesthesiology series is timely, as 
the topics it covers are of current scientific and medico-legal 
interest. Do not look to this volume for a definitive review of 
the subject, as this is clearly impossible in a rapidly developing 
field. Nearly as many questions are raised by the authors as are 
answered and the reader is left, not unreasonably, pondering 
such fundamental questions as the nature of anaesthesia, 1f it 1s 
indeed a single process. 

The first three chapters set the background to the subject by 
reviewing clearly human memory, unconscious perception and 
recall. Russell’s defence and advocacy of the isolated forearm 
technique is well argued and contrasts with a somewhat 
pedestrian review of lower oesophageal contractility. There 
then follow five chapters on the various EEG-based methods 
of measurement by experienced and enthusiastic users. The 
final chapter on brain oxygenation appears out of place at an 
initial glance, but the methods reviewed may offer the prospect 
of looking beyond measures of electrical activity to direct 
measures of chemical processes in the brain. 

The editor and publishers are to be congratulated on the 
rapidity of publication. Many of the references are as recent as 
1988/9. The volume can be recommended as a useful basis and 
reference source for those with an interest in this subject. 
Registrars with their eye set on the Part 3 F.C.Anaes. 
examination would also benefit from reading it carefully. 

C. D., Hanning 


Day Care Surgery, Anaesthesia and Management, lst Edn. 
Edited by E. G. Bradshaw and H. T. Davenport. Pub- 
lished by Edward Arnold, London, Melbourne, Auck- 
land, Pp. 191; indexed. Price £25.00. 


Day care surgery for minor operative procedures has increased 
rapidly over the past 20 years and there is every indication that 
this trend will continue. Those interested in setting up such a 
service would be well advised to refer to this manual, which 
incorporates the collected wisdom of anaesthetists, surgeons, 
nurses and administrators with expert knowledge in this field. 

The financial implications and practicalities of setting up a 
Day Care Unit are explored comprehensively. Surprisingly, I 
found this to be the most interesting section of the book. I had 
thought rather naively of day care as being financially efficient, 
but the point is emphasized that in order for it to be so, the 
hospital beds which are freed must be closed. 

There follows a section in which specialists in ENT, 
dentistry, ophthalmology, plastic surgery, gynaecology, gen- 
eral surgery and paediatrics discuss the relevance of day care to 
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their particular field. Inevitably, there is much repetition in 
this section, as each specialist feels duty bound to define their 
criteria for patient selection and the anaesthetic techniques and 
drugs which are available. Perhaps an overview by one of the 
editors could have reduced the repetition and made this 
section more interesting. Similarly, I was unable to discern any 
major difference between the contributions regarding day care 
nursing in a teaching hospital and in a district general 
hospital. I am sure this could have been edited easily into a 
single contribution. 

Concluding chapters discuss chronic pain relief in a Day 
Care Unit and compare experiences of day surgery in the 
United States of America. 

This book is advertised as being the first major reference 
book on Day Care Surgery and Anaesthesia and, as such, it 
will be of considerable interest to those already involved in, or 
thinking of becoming involved in, the setting up of a Day Care 
Unit, 

A.D, McLaren 


Pediatric Anesthesia, Vols 1 & 2. Edited by G. A. Gregory. 
Published (1989) by Churchill Lavingstone, London and 
Edinburgh. Pp. 1536; indexed. Price £90. 


After a period of 6 years, the second edition of this two-volume 
textbook appears with several new contributors and six new 
chapters. The first volume of 647 pages deals with much of the 
scientific basis of paediatric anaesthesia; embryology, physi- 
ology and pharmacology are considered, together with general 
principles of preoperative assessment, anaesthetic equipment 
for children, induction, maintenance and recovery from 
anaesthesia. Unfortunately, much of the scientific basis 
presented is somewhat dated and relates largely to adult or 
animal work. Complaints of imbalance levelied at the first 
edition are still valid, but to a lesser extent cardiovascular and 
respiratory physiology now occupy the same number of pages 
as renal physiology (68)—both somewhat less than the number 
of pages (72) devoted to temperature regulation. 

The second volume examines the clinical aspects of 
paediatric anaesthesia for outpatient, cardiac, thoracic, neuro- 
logical, abdominal, urogenital, ear nose and throat, dental, 
plastic and orthopaedic surgery. There is an excellent chapter 
on anaesthetics for the premature and a useful chapter on 
Paediatric Intensive Care. Unfortunately, this approach allows 
for repetition and occasional anomalies. Although a condition 
involving the thorax, diaphragmatic hernia is treated by 
abdominal and not thoracic surgery. The suggestion that 
aspirin should be used for analgesia in young children (p. 749) 
is not acceptable practice today, as is pointed out in the chapter 
on intensive care, where the relationship between Reyes 
Syndrome and aspirin is explained (p. 1363). 

Some other statements border on the outrageous: “up to 50 
per cent of infants regurgitate during the induction of 
anaesthesia ” is a staternent that cannot be substantiated, even 
in the reference quoted (p. 554). 

The book has a North American bias which does not excuse 
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the mis-spelling of Sir William Macewen’s name as Macewin 
(p. 5), This bias introduces new concepts, some of which may 
eventually cross the Atlantic, such as the presence of legal 
counsel on the I.C.U. committee; others are in Europe 
already, such as the problems of cost and reimbursement. 

The book is generously referenced and the index is good. 

The editor states in his preface that the contributora were 
gently coerced, but perhaps a firmer hand would cut down the 
anomalies and imbalances. In spite of these criticisms, this 
book is recommended for hospital or departmental libraries, 
but its cost may restrict the number of individuals willing to 
purchase it. 

D. S. Arthur 


Anaesthesia Databook. A Clinical Practice Compendium. By 
Rosemary A. Mason. Published by Churchill Living- 
stone, London. Pp. 670; indexed; illustrated. Price 
£24.95. 


This book is described as a reference system. It is divided into 
six sections: the first describes medical conditions which may 
present anaesthetic problems; the second lists drugs in 
proprietary and non-proprietary lists and information on 
important groups of drugs; the third provides information on 
drugs which are prescribed frequently in the perioperative 
period; the fourth lists emergency conditions which may 
present for the first time in the perioperative period; the fifth 
deals with cardiopulmonary resuscitation, brain death and 
organ donor management; and the last section lists tables of 
normal values. 

The author admits in her preface that there is no discussion 
of basic principles or techniques, but she has recorded where 
conflicting opinions exist to allow the reader to reach an 
independent balanced judgement. 

It would be difficult to review this type of text within a short 
period of time. There 18 a huge amount of information 
compressed into a relatively short space and the compact style 
of writing, as the author has indicated, does not make for 
bedside reading. The true value of this work may be 
appreciated only when it is used as a source of reference, 
particularly in times of emergency or when ane 18 hunting for 
information to manage the particularly rare medical condition. 
However, I consulted some sections of the book covering 
conditions which occur with some frequency in my own 
clinical practice (for example, phaeochromocytoma) and I 
found the information was comprehensive, sensible and non- 
controversial. In some areas there is a lack of practical 
information which may inhibit immediate implementation of 
the information obtained without reference to other sources, 
but the author has provided a short list of key references to 
consult for this purpose. 

Although this is a relatively small book, it represents a truly 
major effort of achievement. The author is to be congratulated 
for having produced a useful product containing a mine of 
information and sensible guidance. 

G. Smith 
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